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INTRODUCTION. 

N the firft-and fecond Differtations of 
A this volume; I acquit in part the promife 
T had long fince made in my Profpeétus con 
cerning Animal Re-produétions. In that piece 
{ gave intimation of my difcovery of the 
pre-exiftence of the germ in one fpecies of 
frog. This difcovery is related at length in 
the firft differtation. That fo long a fpace 
of time has elapfed fince the obfervation was 
made, I confider as a very fortunate circum+ 
ftance; for, having examined other animals, 
and having found that the fame thing is true 

of them, I have ftill ftronger reafon for pre- 
fuming, that the exiftence of the germ in the 
female before fecundation, is one of the mot 
general laws of nature. While we are in 

 quelt of one truth, it generally happens that 
others offer themfelves as it were {pontane- 
oufly. Accordingly I have been led by the 
obfervations, which fhew the pre-exiftence 
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of the germ, to difcover that an order of ani- 
mals, confidered by naturalifts as oviparous, 
is in reality viviparous. 
The fubje& of my fecond differtation is the 

artificial fecundation of various. animals; of 
which the firft lines may be feen in the fame 
profpeGus. This wasaccomplifhed by means 
of femen taken from them; and thus I have 

fucceeded as well, as if the male himfelf had 
performed his funtion. 

The clofe analogy between animals and 

vegetables, induced me to enquire, whether 
the embryos of plants exit in like manner in 
the ovarium before fecundation. From the 

third differtation it will appear that this is 
really the cate. ‘Thefe enquiries have alfo 
convinced me, that the fecundating duft is not 
fo abfolutely neceflary as botanifts in general 
fuppofe. 
The fame analogy ought, perhaps, to have 

led me to attempt the artificial fecundation of 
plants; for, though feveral have undertaken 
fuch experiments, and fucceeded in them, I 
know not whether any one has done this with 
truly philofophical views, and in order to 
difcover the manner of this wonderful ope- 
ration. ‘To confefs the truth,.I would not 

have avoided. this tafk, if engagements of - 
another nature had not prevented me. I have, 
however, exhorted others to undertake it, and 

led 
x 

ss eae at. 



fa] 

at the fame time have propofed fome views 
‘that may fhew the way to fuccefs. 

It.is faid by many, that fecundation is 
among the myfteries of nature; and, like 
many of her operations, an obje& of admira- 
tion, rather than of enquiry. Such an opi- 
nion is highly agreeable to the idlenefs of 
man. In times paft, I acknowledge that ge- 
neration, both in animals and plants, was in- 
volved in darknefs, impenetrable to the hu- 
man eye; but, fince the appearance of Haller 
and Bonnet, this gloom has been rendered 
much lefs thick. Iam very far from thinking 
that I have diffipated it entirely, yet I would 
fain hope that, by my means, it has been 
fomewhat cleared, and that a light, lefs feeble 
and uncertain, now fhines through it. The 

following differtations will enable the learn- 
ed reader to judge whether this opinion is 
well founded, or merely the offspring of 
felf-love. 

Ba | DISSER- 
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DISSERTATION 

Cee Ne a OA en ON 

O F 

CERTAIN ANIMALS. 

(ESP ASCPR UD 

GENERATION OF THE GREEN FROG. 

I. HUS I chufe to denominate the 
frog in queftion, from the green 

hue of the upper part of its body, and from 
its living in water, particularly in puddles 
and ditches, whereas other fpecies live on 
dry land and trees; but of thefe laft I fhall 
have occafion to fpeak afterwards. | 
‘II. The head of the male is furnifhed 
with two membranous veficles, which fwell 
very much when the animal croaks. The 
great toe of the fore foot has a flefhy promi- 
nence, which becomes very perceptible at the 
feafon of their amours: the female is deftitute 
of thefe parts,;and has the back and thighs 
marked with black fpots, which are feldom 
vifible in the male. 

3 B 3 III. 



6 DISSERTATION L 

Ill. This fpecies is not to be confounded 
with that called by Roefel rana viridis aqua- 
fica. A glance of his beautiful coloured f-. 
Bures, will be fufficient to thew that they are 
totally diftinét. His exceeds all other frogs 
in fize; mine is the fmalleft of all, and is 
fearce + fo largé as Roefel’s; befides his has 
three yellow ftripes on the back and fides, 
which in mine are totally wanting (¢). 
_ IV. The amours begin in April, and end 
ix May; they are, however, mfiuenced by 
the temperature of the ‘atmofphere; during 
their continuance the males maintain an in- 
ceflant croaking. In autumn and winter the 
immature eggs lie all in the. ovarium, which 
is divided into two lobes; thefe lobes confift 
of leffer lobes, each of which is invefted 
with a peculiar membrane.* The eggs are of 
two fizes; fome very fmall, fo as to be fcarce 
vifible by the naked .eye; others. feven or 
eight times larger; both kinds are globular. 
The. fmaller are of a livid:grey colour; of — 
the larger one hemifphere is'white, and the 
other black. Theflighteft touch is fufficient 
to burit them, after which they are refolved 
into a Cineritious vifcid liquor. 

V. The ovarium of this, as well as many 
other fpecies, appears to be externally cover- 
ed with black points, which have. been the 
fource of a memorable miftake ; for Vallif- 
ner1(4),.and other celebrated naturalifts, have 

(2) This eflential difference was ftill more. apparent 
when I came to compare mine with fome of Roefel’s, 

_ brought me by the fifhermen. 
(3) Opere fifico-mediche. TT, r. Offervazioni intor= 

no be rane, | ) A AGE 

fuppofed 



DISSERTATION.K 1 

‘fuppofed them to be the rudiments.of-the 
tadpole. ‘The error arofe from their being 
contented with firft appearances, and fearch- 
ing no further; for the {pots lying clofe to 
the eggs, might eafily induce the obferver to 
believe that they form part of them, and are 
therefore fo many RIOT But the matter 
is cleared up by the following experiments: - 
1. When the common membrane 1s removed, 

| thefe points full adhere to it. 2. And if the 
eggs are infpected one by one, both externally 
and internally, no veftige of this black fpot 
can be perceived. If the membrane of the 
ovarium be examined by the mifcrofcope, it 
will then be feen that thefe points are black 
{pots of an irregular fhape. They are not 
eculiar to this membrane, for they are found 
sa the area of the mefentery, and upon the 
neart. |: | 

VI. If the eggs be again examined in 
fpring, we fhall {till find them in the ova- 
rium, but confiderably enlarged; (thofe I 
mean of the larger fize, IV). and they will 
be found to be mature, when the male is 
coupled with the female. ‘The copulation of 
this fpecies is juft like that of thofe obferved 
by Swammerdam and Roefel (4). ‘The male 
climbs upon the back of the female, and 
pafling his fore legs under her axille, brings 
them to meet upon the breaft, and there clafp- 
ing his fingers, holds her .clofe, till the has 
difcharged all her eggs. The duration of 
this procefs is inverfely proportional to the 
warmth of the atmofphere. When this is 
confiderable, the female will be free in five 

(4) Biblîa Nature. Hit, Nat. Ranar. 

vg Bi, or 
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_or fix days; but in a cold feafon, the em- 
braces of the male continue for eight or nine 
days. This I learned by putting frogs in 
large veffels full of water, when their amours 
were’ about to commence, and confining 
them till they had brought forth their eggs, 
And, although Vallifneri afferts, upon the 
authority of a fingle experiment, that frogs 
do not bring forth in clofe veffels, it is cer- 
ain that numberlefs facts prove the contrary, 

as I, and, before me, Swammerdam and Roe- 
fel have found. 

VII. It is true, as he afferts in another 
place, that the female does not difcharge her 
“eggs when fhe is kept conftantly feparate 
from the male. I fay conffantly; fot if they © 
be pulled afunder when the eggs are defcend- 
ed into the cavity of the uterus, they are dif- 
charged, though the female is kept feparate, 
but they are not prolific. | | 

VIII. If the fituation of the eggs, at the. 
time of copulation, be examined, during the 
firft days they will be found in the fac of 
the ovarium; and, during the fucceeding, 
partly in the ovarium, and partly in the ovi- 
ducts, and at laft all in the uterus, except the 
fmall ones, which remain attached to the 
ovarium. The eggs, when in the ovarium, 
are fmaller than when in the ovidu@&s and 
uterus. In thefe fituations they are enve- 
loped with that vifcid tranfparent muci- 
a which is improperly called /frog’s 
ced. | 
IX. Of the various trials I have made, in 

order to afcertain whether eggs taken from 
the ovarium, the ovidu&s, and the uterus, 
when the male is embracing the female, 

| | would 
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would be prolific, I muft own that not one 
has fucceeded. As this is a point of extreme 
importance, I repeated my experiments to 
fatiety ; and in my journals I find, that I have 

‘ opened one hundred and fifty-fix females 
while they were embraced by the male, of 
not one of which did the eggs ever bring 
forth young, though I immediately placed 
them in water; whereas thofe that were ex- 
cluded fpontaneoufly by the female, were 
all prolific. I have even taken further pains, 
The difcharge of eggs lafts about an hour ; 
during this procefs [ killed a female, and put 
the eggs that remained in the body in the 
water into which thofe difcharged by the 
animal fell; but the latter produced tadpoles, 
while the former became an offenfive putrid 
mafs. From thefe fa&s ] concluded, that the 
fecundation of the eggs does not take place 
within, but without the body; whence it 
appears how far Linnaeus was miftaken, when 
he pronounced, in his ufual decifive tone, 
** Nullam in rerum natura, in ullo vivente 
corpore fieri fecundationem vel ovi impreg- 
nationem. extra corpus matris (@).’” 

X. Hence we likewife fee the falfehood of 
the ftrange opinion of profeffor Menzius, 

| who fuppofed that, while the male embraces 
the female fo clofely, the feed is emitted from 
the flefhy prominence of the toe, and paffing 
through many windings unknown to us, pe- 
netrates into the thorax, and there impreg- 
nates the eggs (4), 

(a) See Artedis Ichthyology, partii. p. 32. 

(2) Generatio rapa deÉos in rana confpicua. 
XI, 
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XI. But if in this fpecies fecundation 
takes place out of the body of the female, 
fhall we fuppofe that the male ejects femen 
upon the eggs as they are difcharged (a)? 
This, with refpect to other fpecies, is the 
opinion of Swammerdam, and adopted by 
Roefel; though he afterwards fays, that hecan- 
not determine whether the eggs in the uterus 
are impregnated by the femen out of the body, 
To clear up this point, I have paid unremit- 
ting attention to eyery phenomenon. . As 
foon as the eggs begin to be difcharged, the 
agitation of the female is extreme; fhe darts 
backwards and forwards, rifes towards the 
furface of the water, and then finks, keeping 
the hind legs conftantly ftretched out, and 
croaking in a low voice. The male, that 
keeps his hind legs clofe to his body, throws 
himfelf into ftrange contortions, and accom» 
panies the croaking of the female with a kind 
of interrupted noife; which I cannot exprefs 
by words. I moreover obferved, that an ob- 
tufe tumid point, which I fufpected to be the 
Penis, was elongated, and now and then 
rought towards the eggs neareft the yent ; 

but I could not perceive any emiflion from 
this fuppofed penis. The femen, however, 
might be in fuch {mall quantity, or fo tranf- 
parent, as not to be vifible. | | 
_ XII. To determine the queftion, I placed 
fome couples, of which the female was be- 
ginning to difcharge her eggs, in empty 
veflels. As I knew that in thefe amphibious 
animals fecundation always takes place in 

(z) In the frog, toad, newt, and feveral other animals, 
the eggs are difcharged at the extremity of the alimentary 
canal, 

water, 
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water, my hopes from this-expedient were not 
very fanguine ; but fortune was more propiti- 
ous than I could have expected. ‘The male is 
fo-much attached to the female, that, not- 
withftanding he is taken out of his natural 

‘ element, he perfifts in performing his office, 
I now faw that there fpisted a {mall jet of 
limpid - liquor from the tumid~ point in 
the vicinity of the anus, upon the eggs 
hanging out at the vent. of the female. 
‘This phenomenon took place only at in- 
tervals, the female from time to time dif- 
continuing the difcharge of eggs, and the 
male the emiffion of femen. ;I was an eye- 
witnefs of this curious fcene in feven- cou- 
ples of frogs fet in the dry; it did not en- 
tirely ceafe, till all the eggs were expelled 
from the uterus. . The eggs being afterwards 
pet into’ water, and bringing forth young, 

hefitated not to fuppofe, that the liquor 
emitted ‘by the male was real femen; as I 
afterwards found, by difcovering it in the 
veficule feminales, and that the point was 
the penis. | 

XHI. The abbe Nollet, alluding in a let- 
ter dated nine years ago, to the hintin my 
profpe@us, of my difcovery of the exiftence 
of the tadpole before fecundation, exprefles 
himfelf in this manner: ‘ What you fay of 
the exiftence of the tadpole, before we can 
‘perceive any act of fecundation, has particu~ 
darly ftruck me. About thirty years ago, Mr. 
Reaumur and myfelf made many refearches 
relative to this. fubje@. We attended for 
weeks very diligently and patiently, to what 
pafied while the male embraced the female. 
I remember putting breeches of waxed taf- 

fety 



12 DI SS4E°R TA THON I, 

fety on the male, and watching a long time, 
without perceiving any appearance that de- 
noted an act of fecundation.”’ FO 

I will not here ftop to enquire by what 
fatality it happened, that two naturalifts, fo 
intelligent and attentive, failed in their en- 
quiries. The idea of the breeches, however 
whimfical and ridiculous it may appear, did 
not difpleafe me, and I refolved to put it in 
practice. The males, notwithftanding this 
incumbrance; feek the females with equal 
eagernefs, and perform, as well as they can, 
the act of generation; but the event is fuch 
as may be expected: the eggs are never pro- 
hific, for want of having been bedewed with 
femen, which fometimes may be feen in the 
breeches in the form of drops. That thefe 
drops are real feed, appeared clearly from the 
artificial fecundation that was obtained. by 
means of them (a). % | 

XIV. Having difcovered every thing re- 
lative to the fituation and manner of impreg- 
nation, my next bufinefs was'to obferve the 
eggs, till the young animal fhould appear: 
The eggs lie in the centre of a white muci- 
lage, which confifts of tranfparent fpherical 
maffes connected together. Round the egg 
are two concentrical membranes, of which 
the innermoft, when pierced with a needle, 
diftharges a fluid as limpid as water. The 
egg is round, and has a fmooth furface, of 
which one hemifphere is black, and the other 
white. This is feen at Fig. 1. Plate I. 
N° III. fhews fifteen eggs, with their mu- 
cilage; each lies in the midft of a circle, 

(4) See Differtation VIII, | 
made 
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made by thefe membranes. To fee.the other 
membrane clearly, the gluten muit be mag- 
nified as at N° II. C is the external, B the 
internal membrane, and D the gluten. 
© XV.,When the hot feafon is far advanced, 
the obferver foon perceives the lineaments of 
the tadpole. The egg grows for fome hours 
without lofing its round fhape, it is next e~ 
longated; the white hemifphere becomes 
darker, and the black changes into a longi- 
tudinal furrow, terminated by two perpendi- 
cular procefles. And as it increafes as well 
in bulk as length, the internal circular mem- 
brane is dilated, and contains more fluid. 
Compare N° I. fig. 2. with N° II. fig. 1. 
By tracing thus the progrefs of the evolu- 

tion, we come to perceive that thefe bodies 
are not eggs, as Naturalifts fuppofe, but real 
tadpoles. The” furrow and the proceffes be- 
come longer; the fuppofed egg affumes a 
ointed figure; the whitifh hemifphere di- 
ates, and the black is incurvated. The 
pointed part appears to be the tail of the tad- 
pole, and the other the body. Further, the 
oppofite end takes on the appearance of the 
head, in the fore part of which the form of 
the eyes is vifible, though they are yet clofed. 
The two procefies alfo, by which the animal 
faftens himfelf to bodies, however {mooth, 
when it is tired of {wimming, become evi- 
dent, as likewife the veftige of the aperture 
Pipe mouth, and the rudiments of the 

ills. | | 
XVI. At firft the tadpole does not fhew 

any figns of animation, when touched with 
a needle, or fuddenly expofed to the rays of 
the fun, even when concentrated in the segue 

- of 
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of a lens, he does not become fenfible to 
thefe impreffions, till his‘organs are further 
unfolded: he then gradually begins to move. 
and loofen his fetters: at‘this time it appears 
clearly, that the internal circular membrane 
is the amnios, in the liquor of which the 
tadpole floats; the umbilical chord at laft is’ 
feen, and becomes ftill more perceptible, 
the firft day after the animal has quit- 
ted his confinement. The cord is not, as in 
other animals, attached to the belly, but 
to the region of the head. A tadpole at the 
beginning of its evolution, is reprefented at 
N° II. fig. 2. and N° I. fig: 3. in which at 
g appear the little gills: At N° II. fig. 3. is 
a tadpole, magnified with its back turned to-. 
wards the obferver. In that at N° IIT.‘ fig. 
3. and thofe fig. 4. is feen the veftige of the 
eyes, and the umbilical cord coming out 
from below the mouth. | 

XVII. The reader will probably be fur- 
prized at this defcription, whence it appears, — 
that the tadpole does not come out of the 
egg, but that the egg is tranfmuted into a 
tadpole; or, to fpeak more philofophically, 
that the egg is nothing but the tadpole wrap- — 
ed up and concentrated: ‘in confequence of 

fecundation it is evolved, and aflumes the 
lineaments of an animal. Thefe phenomena 
were new and unexpected, for 1 was firmly 
ies ne that the globules of two colours, 
urrounded by mucus, were real eggs; all who 
have written concerning the generation of - 
frogs, as Jacobeus, Valifneri, and. Roefel, 
having fo denominated them. Butas greater 
deference was due to what nature fhewed me 
fo plainly, than to the authority of the moft 

celebrated 
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celebrated writers, I am obliged to call thefe 
lobules tadpoles ot fetufes inftead of eggs ; 
or it is improper to name any body an egg, 
which, however clofely it may tefemble one, 
takes the fhape of an animal without leav- 
ing any fhell, as ts the cafe with all animals 
that come from an egg. — | 

XVIII. But it was of importance to ex- 
amine by experiment thefe globules before 
fecundation, and while yet in the uterus. 
Upon the moft rigorous and exact compari- 
fon it appeared, that not only the fpheres of 
mucus exactly refemble each other in fize and 
nature, and the two membranes with refpect 
to their pofition, fhape, and colour, butthat 

_ the unimpregnated globules are not by any 
means diftinguifhable from the impregnated 
ones. Upon feparating the mucus and the 
two membranes, they appear to be alike fpot- 
ted with white and black, which colours - 
remain in fome meafure when the evolution 
ef the tadpole is complete. ‘The perfe& fi- 
militude, as well external as internal, is very 
ftriking. If a globule be pierced with a 
needle, either before or-after fecundation, a 
femifluid yellowifh white fubftance oozes . 
out: if the aperture be enlarged, the whole 
internal capacity appears to be È be filled with this 
matter, which lofes its fluidity as the tadpole. 
is evolved, every day acquiring greater cone 
fifttence. If the-globules before or a little 
after they come out of the utertrs be put into 
fpirit of wine or vinegar, or be boiled, and 
then {tripped of their pellicles, we fhall find 
fo many indurated maffes, which when cut 
through appear to be homogeneous. If we 
next Pepceed ‘to examine the external sii 

a : | tne 
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the pellicle before fecundation is thin and 
tran{parent,which properties it retains. After+ 
wards, indeed, as the tadpole is evolved,. it 
enlarges and thickens juft as the {kin of other 
animals grows with their growth. As the 
pellicle is made to adhere to the infide of the 
globule by heat or vinegar, fo it continues 
to adhere after fecundation; and it adheres 
more and more firmly as the globules lofe 
their fhape, and acquire that of the tadpole. 

© XIX. Hence the identity between the im+ 
pregnated and ufnimpregnated globules is 
manifeft. But the former are nothing but 
fetufes of the frog, therefore the latter muft 
be fo too, and confequently the fetus exifts 
in this fpecies before the male performs the 
office of fecundation. By this we are led to 
other confequences of no lefs importance. 
1. As thefe fuppofed eggs exifted in the ova- 
rium before their defcent through the oviducts 
into the uterus, and long before fecundation 
(IV, VIII), the fetus exifted in the mother’s 
body long before fecundation. 2. Although 
the evolution of thefe fetufes is never fo con- 
fiderable and quick, as after fecundation, it 
is, however, remarkable before; for let it be 
confidered, that the fetufes in the uterus are 
above fixty times larger than they were a year 
before, when they adhered to the ovarium, as 
I have found by comparing them. 3. Befides 
the fetus, the amnios' and umbilical cord 
exift before fecundation. 

Lo: 
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CHA Piet 

GENERATION OF THE TREE=FROG, 

XX.TN this and the following chaptets, I 
Î {hall be brief; and fhall only; to ren-. 

der the hiftory of thefe animals, deferibed in 
them, more compleat, make a few additions. 
to Roefel’s account, and notice fome miftakes 
into which he has fallen. | 

>. The tree-frog is of very {mall fize:. The 
back is of a very beautiful green colour. A 
vifcid juice, that oozes out fromitsfeet,enables 
it to faften itfelf to the {mootheft bodies: Du- 
ring the fine feafon, it fixes its abode upon 
trees, except in the {pring, when it defcends 
into ftagnant water, in order to propagate 
the fpecies. 

_ XXI. Though the male mounts upon the 
back of the female, and embraces her very 
clofely, he does not, like the green aquatic 
frog, throw his arms round her thorax, but 
faftens his hands under her axille. Hence the 
females efcape thofe accidents that happen to 
the females of other fpecies; which are often 
killed before parturition, by the violent 
{training of the male,-as appears from the 
contufions and lacerations upon the breatt. 

XXII. The copulation of this {pecies con- 
tinues fometimes, according to Roefel, three 
whole days, though at others it is finifhed 
in one day. Thofe which I obferved did not 
continue together more than a few hours. 
"This difference I attribute to the warmer 
Vor II. ee telpperature 
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temperature of our climate, which occafions 
more {peedy parturition. 

XXIII. The fame naturalift obferves, that 
during copulation, the female plunges at in- 
tervals into the water, and remains immerfed 
fome time: during which, the maleapproxi- 
mates the extremity of his body to that of 
the body of the female, and that this motion 
is always performed with greater brifknefs, 
while the eggs are coming forth. He con- 
feffes that he could never, with all his atten- 
tion, perceive the part that chara&erifes the 
male, nor any liquor emitted for the fecun- 
dation of the eggs. 
XXIV. Though I could never difcover 

any protuberance or papilla, whieh I could 
fuppofe to be the penis, yet by taking the 
animals out of water (XII), I have been 
able to throw further light on this interefting 
topic. J obferved, that about half an hour 
before any eggs are difcharged, the ardour 
of .the male became extreme. He would 
frequently ftretch out the pofterior part of 
his body, and then bring it into contact with 
that of the female. He would then remove 
it, and foon apply it again. ‘Thefe motions 
became more frequent when the eggs began 
to be difcharged: and continued as long as 
they continued to be brought forth. 
XXV. During this procefs, I could not 

‘perceive any emiffion of femen; but upon 
lifting up the hind part of the male, I faw 
a tranfparent liquor ejected from the anus. 
at intervals, which I readily concluded to be 
the femen. When I made ufe of the breeches 
(XIII), the -eggs.never produced Beat ee 

i e ad ra an 
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and the breeches were wetted with femen 
as before (XIII). sag ov 
XXVI. Are the eggs in this fpecies alfo 

impregnated only after they are difcharged ? 
‘I obferved a flight variation in the prefent 
cafe. The eggs of the uterus neareft the 
anus, are fometimes impregnated before they 
are difcharged. But the fingularity of the 
phenomenon requires that I fhould bea little 
more explicit. Roefel truly obferves, that 
in the female of this fpecies, the eggs de- 
fcend into the uterus before fhe is embraced 
by the male: if they are now taken out, and 
fet in water, they all putrefy. This alfo 
happens if they are taken out after they are 
coupled, but before the female has begun to 
difcharge any eggs. But when the difcharge 
has commenced, if the female be opened, and 
the eggs of the uterus, and thofe near the vent, 
is put into feparate veflels of water, feveral of 
thelatterwillfometimes be found to be produc- 
tive, whereasall the former will {poil. 'Fhisisa. 
clear proof, that the femen fometimes pene- 
trates a little way into the body, whether it 
is projected fo far by the male, or rather 
whether the eggs already fecundated, after 
their difcharge, are fometimes retracted, when 
the female is unexpectedly feized by the ob- 
ferver, and ceafes to expel any more. | 
XXVII. The eggs are fmall în proportion 

to the fize of this fpecies: one hemifphere 
is yellow and the other black: when they 
are taken out of the ovidu&s or uterus, they 
are enveloped with gluten, which circum- 
ftance has unaccountably efcaped the obferva- 
tion of Roefel, Wig Conic that the gluten 

po 1$ 
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is not vifible till the eggs have been twelve 
hours in water. 
XXVIII. Every egg is furrounded by a 

{phere of mucilage, asin No. I, II, III. of 
fig. 5. pl. 1. The {phere and egg undergo: 
the following changes in water. They in- 
creafe in bulk, and at the fame time the lat- 
ter is elongated, and prefles againft a circular 
membrane, which lies within the mucus 
and foon pierces it; as the elongation in- 
creafes, the hole is enlarged, till at laft the 
membrane is divided into two concave feg- 
ments :: within which appears a fecond circu- 
lar membrane, of rage finer confiftence, 
and of courfe lefs apt to {trike theeye. This 
membrane, when it is broken, emits a quan- 
tity of liquor, and is no other than the am- 
nios of the tadpole, as afterwards more 
plainly appears. Meanwhile the two feg- 
ments feparate entirely, or at leaft cohere but 
at a few points, and part from the amnios 
without growing any more; but the amnios 
becomes thicker, and many times larger than 
it was at firft; as alfo does the egg, on the 
growth of which depends that of ‘the mem- 
brane. "The gradual enlargement is as fol- 
lows: a 
XXIX. When it has become fomewhat 

longer and bigger, one extremity thickens, - 
and the other becomes thinner. While the 
obferver is intent on thefe changes, he 
is furprized with the motion of the egg; 
it fometimes turns round, now and then 
writhes itfelf, fometimes it brings together 
its two extremities, and then ftretches itfelf 
and returns to its original pofition. ‘To thefe 
unexpected appearances another equally unex- 

pected 
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pected fucceeds : from the larger end two pro- 
cefles fprout and fuggeft the idea of the pro- 
tuberances, by means of which: the tadpole 
attaches itfelf to bodies (XV); above thefe ap- 
pear two tumours, which recall to the memory 
the fhape of eyes; they appear diftin&ly in a 
day or two, and it then becomes neceflary to 
fubftitute the notion of a tadpole in the place 
of that of an egg. Let the reader caft his 
eye on No. IV. Fig. 5. and he will fee a 
fphereof mucus, the inclofed membrane and 
fe tadpole not yet evolved. No. I, II, IIIL 
Fig. 6. reprefents the membrane dividing into 
two fegments, which when they are entirely 
parted, leave the tadpole No. IV. at liberty, 
which appears bent No. VI. Meanwhile 
the amnios is feen in the dotted circle I. full 
of liquor, in which the tadpole floats. ‘The 
two fegments are {till plainer at Fig. 7. where 
two amniofes are feen diftinG@ly, one of which 
is entirely feparated from the fegments. 
XXX. But do thefe tadpoles exift before 

fecundation as in the foregoing {pecies? To 
determine this queftion, I had only to makea 
rigorous comparifon between the fuppofed 
eggs, after and before impregnation, and I 
analyfed them in the fame exa& and careful 
manneras I had others (X VIII), and foundthe 
moft perfect refemblance between them; 
whence it was neceflary to conclude, that the 
fetus exifts in the pitas of this fpecies 
alfo before impregnation. 
XXXI. Thefe fetufes are further evolved, 

though ftill inclofed in the amnios, wherethey 
continue longer than thofe of the green 

~ aquatic frog; the time is commonly fix or 
| C 3 feven 
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feven days; then the rudiments of the gills 
begin to fhoot. At firft they fwim flowly, 
but as their limbs acquire greater ftrengthi 
and vigour, their motions become brifker. 
Fig. 8. reprefents two tadpoles at the time of 
quitting the amnios, magnified by the microf- 
cope: their gills are feen at A A. 
XXXII. Upon comparing thefe obferva- 

tions with thofe of Roefel, I cannot but dif- 
fent from him. The fum.of what he fays 
on the generation of the tadpoles of the tree- 
frog is as follows. iy 
XXXIII. At firft the impregnated eggs 

grow in bulk only; then the tadpoles, which 
now feem to confift chiefly of belly, though 
the head and tail may be clearly difcerned; ap- 
pear diftinétly. Every tadpole floats in the 
white’ (the mucilage that furrounds it 
XXVIII). The belly is formed by the yolk, 
fo the author calls that which is generally 
denominated the egg. At the tail appears a 
veficle, and afterwards another (from his 
figures thefe feem to be the two fegments 
XXVIII); thefe veficles then feparate, and 
one remains at the head and the other at the 
tail. Roefel conjectures, that the tadpole 
now endowed with motion and life, takes its 
nourifhmént from the veficle at its head, but 
he confefles that he does not know the ufe of 
thie nther. loge’ or 

XXXIV.. Though it is true, that the tad- - 
pole has at firft a large belly, it is falfe, orat 
jeaft a very improper expreflion to fay, that 
the belly is chiefly formed ‘of the yolk, fincé 
the yolk is'the animal itfelf (XXIX); it 
would not be lefs abfurd to fay, that the 

belly 
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belly of an animal confifts of the animal it- 
felf. 

° XXXV. The defcription of the appear- 
ance of the two veficles, fhews that he did. 
not make his obfervation with fufficient dili- 
gence: he probably made it at intervals;. 

‘otherwife he muft have perceived that they 
were originally a fphere, which is divided in- 

| to two fegments by the efforts of the tad-. 
pole; confequently they did not appear one 
after the other, but both exifted at the fame 
time (XXVIII). 
XXXVI. If he had taken them up with a 

forceps, he would have found, that they 
cannot be fuppofed to nourifh the tadpole, 
for as foon as they appear, which is when 
the {phere is divided, they may be removed 
without injury to the young animal. | ae 

© XXXVII, The part really neceflary to this 
animal, and of which the removal is fatal, 
is the amnios, within the liquor of which 
it at firft floats (XXVIII, XXXI). As Roefel 
does not. mention the’ amnios, it muft have 
been unknown to him; and although this . 
membrane is found in every fpecies of frog and 
toad, not the leaft mention is made of it in 
his hiftory ; this circumftance the more fur- 
prized me, fince it did not efcape the dili- 
gence of Swammerdam, in whofe footfteps 
the German naturalift profefles to tread... 
XXXVIII, He has, however, remarked 

an accident, which happens to tadpoles that 
die in the amnios, or as he exprefles it to 
eggs, that are not prolific: they become 
fometimes pointed, fometimes pear-fhaped, 
fometimes oblong, ah at others narrow in 

0 4 the 
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the middle, and fo on. Four fuch tadpoles 
are reprefented in Fig. 5. at ABCD... 
XXXIX: Fhe tadpoles of this fpecies re- 

quire great attention. They mutt be kept, 
not merely in clean water, but in that which 
is taken from the places where the males and 
females meet, as from ditches and puddles. 
(XX). This precaution was not abfolutely 
neceflary for other frogs and toads; well 
water being fufficient in thefe cafes,» _ 

CH A Baur 

GENERATION OF THE TOAD,DENOMINAT- 
ED BY RoxsEL, BUFO TERRESTRIS 
DORSO TUBERCULIS EXASPERATO, 
OCULIS RUBRIS. la beck 

XL. HOUGH Roefel HaeaAne but 
one fpecies of this ugly and dif- 

gufting animal, I incline to believe, that in 
this country there are two; this opinion is 
founded on a difference in the external con- 
figuration; not to mention a difference in co- 
lour, fome having their backs and fides of a 
light cineritious hue, with tubercles of a tan 
colour, and others of a pale green, with tu- 
bercles of a dark red. But notwithftanding 
this difference, I fhall {peak of them as one 
ian for in what relates to generation, 
there is the moft perfe& fimilitude. 

re 
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_XLI. Of the whole clafs of frogs and toads 
with which I am acquainted, none begin 
their amours fo foon as the {pecies in quef- 
tion: they are found coupled in the begin- 
ning of March, and fometimes in February, 
before all the {now is melted, and while the 
water in many places is yet covered with ice. 
The male being about five times fmaller than 
the female, cannot nearly bring the toes of his 
fore feet to meet over the breaft, acircumftance 
before noticed in the green water-frog (VI). 
He, however, holds her fo faft, that fhe can 
by no means difengage herfelf from his em- 
braces. The females have often got out of 
the veflels in which I kept them, and efcaped 
to a confiderable diftance, but the males {till 
kept their fituation. | 
CLIL. The eggs, as well as in ‘toads as 

frogs, lie at firftin the great facs of the ova- 
ria, whence they get firft into the ovidu&s, 
and then into the uterus. In which of thefe 
three fituations are they in the female toad 
with red eyes, and dorfal tubercles, at the be- 
ginning of her amours? I have found that 
they are indeed in the ovaria, but ready ta 
pafs into the oviducts. Copulation lafts 
till they are difcharged, which happens in 
ten, twelve, or fourteen, and fometimes 
twenty days, if the feafon be cold. Such is 
the ardour of the males, that after the dif- 
charge is finifhed, and they have quitted the- 
female, they will return to her again, and 
embrace her for feveral hours. This, how- 
ever, is not peculiar to toads. I have often 
feen it happen in frogs. . Me 

XLIII. The male, during the whole time, 
makes a kind of grunting noife, which I 

| Dr never 
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never heard except at the feafon of his a- 
mours. This noife becomes louder, when- 
ever attempts are made to pull him away, or 
when any other tcad comes near; which he 
moreover obferves with a jealous eye, and 
endeavours to drive away by throwing out his 
hind legs. 
XLIV. If the belly of the female be at- 

tentively obferved after feveral days of copu- 
lation, it will be feen to move in a very ex- 
traordinary manner: it fometimes dilates to- 
wards the breaft, which dilatation paffes gra- 
dually downwards; at others the dilatation 
begins at the bottom of the belly, and pro- 
ceeds upwards. During thefe agitations, the 
female, now about to bring forth, evidently 
fuffers confiderable pain, probably on account 
ef exclufion of the eggs from the ovaria 
and their paflage through the windings of 
the oviducts, and into the large cavity of the 
uterus; for the two laft mentioned places will 
be found to contain eggs, if the female be | 
opened during thefe alternate fwellings. 
XLV. In frogs the eggs are foon dift 

charged; but in toads this is a very tedious 
| procefs. Two cords, confifting of a vifcid 
tranfparent matter, and containing a num- 
ber of black globules, which are the eggs 
come out from the vent, and are excluded 
fo flowly, that the eye cannot diftinguifh 
any movement in them; but ina few hours 
they meafure feveral feet. 

Thefe cords, confifting of eggs and gluten, 
certainly receive their form in the ovidudts, as 
ina prefs; which may befeen upon opening the 
female,as foon as they haveadvancedalittleway 
into thofe canals. The time requifite for the 
À n difcharge 
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difcharge is quite uncertain; the longeft I 
have obferved was finifhed in thirty, and the 
{horteft in nine hours; it lafts generally above 
twelve. A piece of thefe cords is reprefented 
at Fig. g. Plate II. Fig. 10. fhews a fmaller 
portion magnified. 

+ XLVI. Two entire cords meafured forty- 
three Paris feet ; the number of eggs amount- 
ed to one thoufand two hundred and feven: 
hence we cannot be furprized that the female, 
after the exclufion of the eggs, fhould be- 
come fo much fmaller. 
‘ XLVII. Since the ardour of the males 
is fo great, that they do not abandon the 
females, even when they make their ef- 
cape (ELD), it was natural to fuppofe, that 
they would alfo continue their embraces 
when I removed them from the ftagnant or 
flowly running waters, where they affemble 
towards the end of {pring, in order to propa- 
gate the fpecies (XLI). to a dry and confined 
place, where I could watch the manner in 
which fecundation takes place. I will-re- 
late what I obferved during many long and 
tedious infpections. © © Te Ati ae 
' XLVIII. As foon as the female begins to 
difcharge the mucous cords, the male, that 
before lay clofe and collected, fpreads him- 
felf, and ftretches his hind legs backwards 

| towards thofe of the female, ftill holding her 
breaft clofe with his fore legs. This change 
of pofture enables him to reach the cords 

‘with the extremity of his body, and to be- 
‘dew them with femen. — Micia dpi 

‘. XLIX. And this is not done by a forcible 
emiffion, but by fimple contact ; for where- 
ever the cord is touched, it appears juft 
LLY JOURN pet Sata SARI moiftened, 
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ey dai as if with a pencil dipped in fome 
uid. | 
L. The male, after having repeated this 

many times, with various contortions, be- 
comes weary, collects his body, and draws 
his hind legs clofe to his belly. Meanwhile 
a frefh portion of cord is difcharged, and 
then-the male refumes his employment, and 
afterwards again returns to his repofe. And 
thus he goes on, till all the eggs are im- 
pregnated. | 

LI. Thatthe a& of fecundation confifts in 
this apptoximation of the extremity of the 
body to the eggs, and bedewing them, ap- 
pears from the following proots: Firft, if 
the female be killed while the is difcharging 
the eggs, of thofe which le in the uterus 
and oviducts, not one will be prolific, though 
they be kept in proper water; whereas al 
moft all the others that have been moiftened 
with the feminal fluid, at their exclufion 
from. the vent, will grow. Secondly, If 
during the difcharge the irroration fhould | 
be interrupted, either by means of breeches, 
(XIII). or by the near approach of the ob- 
ferver, (for then the male through fear will 
bring his hind legs and thighs clofe to his 
body) the portion of eggs then excluded will 
be barren, while the reft will be found: to 
have been fecundated. 

LIT. Thefe lat facts clearly evince, that 
in thefe animals likewife fecundation takes 
place without the body of the female. 

‘ LIHI. But may not the bodies, which have 
hitherto been called eggs, be tadpoles not 
yet unfolded ? and if fo, do they exift before 
impregnation, as in frogs(Chap. I, and H.)? 

| | Thefe 
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Thefe problems were yet to be folved, and re- 
quired a fhort analyfis of the eggs. 

LIV. They are black, and, ‘to the naked 
eye, and even when a weak magnifier is ufed, 
appear to be globular (Fig.9, 10. Plate II). 
when examined with a glafs of greater power, - 
they feem to be marked with four furrows, 
which interfe& each other at right angles, 
nearly like the hufk of a cheftnut half open- 
ed, (Fig. 11.): though the furrows are not 
bare, but covered with a very fine tranfpa- 
rent membrane, which paffes very tight round. - 
the reft of the egg.- When this is taken 
away, we come to the fkin of the egg ; it is 
black, andis lacerated by the flighteft touch; 
as is alfo the infide, which is almoft fluid, of 
a brownifh white colour, and apparently ho- 
mogeneous ; the ‘particles appear globular, 
when obferved by the microfcope. . 

LV. Such is the form and compofition, as 
far as the eye can difcover it, both of the eggs. 
that have been difcharged and fecundated, 
and of thofe that are taken from the uterus 
and ovaria; excepting, that the latter are defti- 
tute of the mucous gluten, fmaller, and not 
fo black. | 

LVI. Wherefore, if we rely upon the in- 
formation of the fenfes, we muft conclude, 
that there is no effential difference between 
the impregnated and unimpregnated eggs. - . : 

LVII. If we obferve the changes produced - 
in the former, as we have before done in 
frogs, we fhall find that they are immature 
fetufes, and exift before impregnation. They 
foon afiume the form of thofe little animals; 
firft becoming thicker, then longer, and after- 
wards growing thin at one extremity, nz: 

the. 
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the tall, and becoming round at the other + 
from which {pring two appendixes, viz. the 
gills; and in thefe the circulation of the 
blood is very confpicuous, as well as at the 
edge of the body. At Fig.14. may be. feen 
feveral of thofe little bodies, lofing the fhape 
of an egg, and affuming that of the tadpole ; 
they are further advancedat Fig. 15. Fig. 12.. 
fhews fome of thefe corpufcles, lofing in- 
deed the form of the egg, but not affuming 
that of the tadpole, and fpoiling; this ap- . 
pears more at large at Fig. 13: thefe were 
never fubjected to the influence of the fecun- 
dating fluid. . 

LVIII. While the tadpole is thus evolved, 
the thin membrane, of which we {poke at 
LIV. is enlarged in proportion; this mem- 
brane is the amnios, and contains a liquor, 
in which the fetus is feen to float; it may be 
found in the uterus (LIV, LV). and there- 
fore exifts before impregnation. 

LIX. Though the blood circulates in the 
fetus (LVII). and the heart muft therefore 
beat, yet not the fmalleft motion can be 
excited, either by puncture, or any other 
mode of irritation; it is not till the organs 
have acquired fome confiftence, that the ani- 
mal begins to move; in a few days after 
this period it burfts the amnios, and fwims 
about. ) 

CT AR: 
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CERA E PVI 

GENERATION OF THE FETID TERRES- 

TRIAL TOAD. 

LX: HIS fpecies, which does not much 
exceed in fize the green aquatic frog, 

(III). agrees in fome particulars with that 
denominated by Roefel Bufo terriftris foeti- 
dus, but differs in fo many others, that it 
muft be reckoned a fpecies totally diftin&. 
‘They are both nearly of the fame fize, and 
when irritated emit an offenfive fmell ; they 
moreover agree in colour, (the belly being of 
a white, inclining to a green in both, and 
the back to yellow); if we exceptalift of a 
golden yellow colour, which, in the fpecies 
of Roefel, runs along the fpine, but in mine 
does not appear. But the effential difference 
confifts in the abfence of the web that con- 
ne&s the toes of fo many other amphibious 
and aquatic animals befides frogs, from the 
fpecies defcribed by the German naturalift ; 
in that of which I am about to treat, it is 
very vifible, and of very great fervice in fwim- 
ming. ‘The fecond difference lies in the pro- 
greflive motion upon dry ground, thofe of 
Roefel advancing without rifing from the 
‘ground ; muris inflar is his phrafe ; whereas 
‘mine leap like frogs. Laftiy, a difference 
of fpecies may be deduced from the differ- 

‘ ence of the voice, which, in the former, is 
exactly like that of the green tree-frog, and 

| confifts 
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confifts of a loud fereaming, but in the latter 
is a kind of continued whiftle. 

LXI. The female, in the two other fpe=. 
cies of terreftrial toad, is five times as big as 
the male (XLI). But in this fpecies the 
male is fcarce one third fmaller than the fe- 
male, when fhe is about to exclude the eggs; 
afterwards they are nearly of the fame fize, 
They alfo agree in colour; but the upper 
part of the body of the female is adorned . 
with cineritious fpots and lifts, from which 
arife fome very beautiful red tubercules. 

LXII. Toads of this fpecies live on dry 
ground all the year, except during the feafon 
of copulation; at which time they repair to the 
water of pools, ponds, puddles, ditches ; 
never to rivers, torrents, or quick currents. 
LXII. They repair to the water when 

the {pring is pretty far advanced, in May, or 
at the beginning of June. Their amours lat 
above a month; not that the male embraces 
the female fo much longer than others, the 
contrary is rather true; but, during all this 

time, pairs may be found coupled; fome be- 
ginning earlier, and others later, according 
as they are inftigated by their internal feel- 
ings. The fame thing happens in the two 
other -fpecies of toad, the aquatic and tree- 
frogs, fifhes, and all animals that have a. 
fixed feafon for their amours. 
LXIV. By comparing paragraph LXIII. 

with XLI. the reader will perceive the great 
difference of time at which the two other 
fpecies of toad, and that which is the fubject 
of this chapter; begin to propagate; whence 
we may infer, that they are naturally ascites 

| c 
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‘The former begin early in March, as foon as 
the rigour of winter is a little abatéd; where- 

‘ as the latter requires a warm temperature. 
If the weather fuddenly changes, the feetid 
terreftrial toad abandons the bufinefs of gene- 
ration, and retreats to dry ground. I was eye- 
witnefs of a fingular fact which may be related. 
on this occafion. At the end of May, 1777, I 
perceived upon the. furface of a large pool 
great numbers of this fpecies, fome of which 
had difcharged their eggs; others were dif 
charging them, and others were only juft 
coupled; all were in motion, and fo intent 
upon their employment, that they fuffered 
themfelves to. be.taken, without attempting 
to efcape. The males, like the green aqua-. 
tic frogs, clafped the breaft of the females 
very tight with their fore feet, and made a 
low grunting noife, not unlike that of 
the two other fpecies (XLIII). The fky 
was clear, and in the fhade the mercury 

| ftood at 16° (4), when an unexpected rain 
fell for two days, and cooling the air, dif- 
perfed all the toads, fo that when I came on. 
the fecond day of the rain, to catch fome for 
my experiments, to my furprize I could not 
find one. I foon, however, was aware that. 
they had quitted the water, to conceal them- 
felves in the crevices of a neighbouring wall, 
where they, continued till the atmofphere: 
becoming warmer, invited them again to. 
DOO e ccs Pad 

LXV. It is the opinion of many natura- 
lifts, that the male toad embraces the female 
for forty days; and fome think that thisis tne. 

(a) Sixty-eight of Fahrenheit. - 
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cafe alfo with the frog (2). Having obferved 
that, in like circumitances, the duration of 
copulation is inverfely as the heat of the at- 
mofphere, I can eafily believe that this may 
be the cafe in cold'countries.. In temperate 
climates, as‘ with us, it is far otherwife.. 
The tree-frog embraces the female a few hours 
(XXII), the aquatic about a week (VI); the 
two former fpecies of toad longer, on account 

_ of the early commencement of their amours. 
It will therefore eafily be believed that, for 
a contrary reafon, the embraces of the {pecies 
in queftion do not lait long, four or five days. 
for mftance. ~~ i shore 1 

- Nothing can be more falacious' than the 
male... He'not only adheres moft tenacioufly 
to the female, but does not even quit her for 
fome time after the exclufion of the eggs. 
If he is feparated by force, he returns to his 

‘ fituation immediately, though kept in a nar- 
row vefiel, and ‘under the ‘eye’ of the ob- 
dervor no LTT MEO, 
‘LXVI. About the feafon at which thefe 
animals meet, I procured a large quantity, 
and fet them in veffels almoit full of water, a 
male and female in each veffel. In fome I 
put only a female. They were foon coupled, 
fome fooner and others later. In two females 
that were opened twelve hours after the male 
had begun to embrace them, the eggs had. 
not yet quitted the ovaria; in one that had been 
coupled two days and a half, the fame phe- 
nomenon’ occurred. è In another, that was 
opened at the end of the third day, fome 
eges had entered the oviduéts, and thofe. 

‘ neareft the uterus were furrounded by mu- 
cus. Before the conclufion of the: fourth 

(2) Swammerdam Bibl. Natura. 
day, : 
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‘day, the eggs of two other femàles had all 
defcended into the uterus, and were com< 
pletely furrounded by gluten. ‘Fhe ovaria 
now contained only fmallandimmature eggs. 
Thefe obfervations were made upbn females 

embraced by the male; though the folitary 
‘ones were kept for a fortnight; the eggs con- 
tinued in the ovaria, °° Lr 

| LXVII. While I was engaged in thefe ex- 
periments, a fingular phenomenon occurred; 
which muft not be patted over in filence, Of 

‘two females that were opened on-the fourth 
day of copulation, I found the eggs of one 
in’ the abdomen, and of the other partly in 
the abdomen}-and partly in the thorax.’ This 
accident may eafily be explained: The eggs 
were without gluten, and therefore could not 
have paffed through the long windings’ of 
the oviducts, and had either never been taken 
into them, or’ the ovaria perhaps burft; and 
hence they would’fall both into the fupetior 
and inferior cavity. Such a rapture’ may 
eafily be conceived to happen, if we confider 
the preflure made by the malevagainft the 
region of the breaft oppofite the ovarias Vi... 
“LX VII, ‘T have already faid, that theeggs 

about to be excluded having paffed through the 
canal, provided by Nature: for that purpofe, 
were found in the uterus’on the fourth day 

_ (LXVI). Inthe greater part of thofe that | 
were confined in my veflels, they began'to. 
make their appearance at the vent on’ the 
sth day in the form of cords, as in the other 
fpecies (XLV). Thefe cords continue to be 
very flowly expelled till the uterus is-empty, 
which always happens ‘before,the feventh- 
day. Meanwhile the male brought the ex- 

| (CRD IRE tremity 
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tremity of his body towards them,’ fren’ 
which iffued a {mall jet of liquor; this was 
the femen, as evidently appeared from thofe 
portions ef cord that were fprinkled with it, 
bringing forth tadpoles, whereas the others 
{poil and turn putrid. In like manner the 
whole length of the eords produced nothing 
when the male was loathed with breeches 
(XIII), or parted from the female as foon as 
the eggs began to be exeluded. 
° LXIX. As the eggs that were not moift- 
ened with the feminal fluid after they were 
difcharged, were unprodu@ive (LX VIII), I 
may confidently infer, that fecundation takes 
place without the body of the female. I have 
moreover frequently taken pieces of cord out 
of the uterus, and placed them.in water, but 
never did I fee one egg productive; this 
obfervation is likewife applicable to the eggs 
that were defcending through the long wind- 
ings of the oviducts. Hence might be in- 
ferred. the phyfical impofiibility of the eggs 
which were fhed in the cavities of the tho- 
rax and abdomen being prolific (LXVI]I), as 
experiment decifively proved. Or 
LXX. The cords, upon examination, ap- 

pear to confift of an almoft innumerable fe-, 
ries of eggs, each at a fmall diftance from. 
the other: they are connected by gluten, 
which always enclofes the fetufes of the frog 

and. toad, and which is prepared in the cavi. 
ty, of the ovidu&s, for in them the fetufes,. 
before naked, are invefted with it), The great 
refemblance between the phenomena ex-. 
hibited by the tadpoles that I am about to; 
defcribe, and. by.ithofe already deferibed. 

Ù talee 4 (Chap., 
6. ci 
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{Chap. III), renders a reference to figures 
unneceflary. SL 

I was curious to know, whether the glu- 
ten is neceflary to the growth of the egg, I 
therefore removed it entirely from fome, and 
from others only in part, without injuring 
the amnios, which in this as well as in other 
{pecies of frogs and toads, is very confpiéu? 
ous. Thofe which were quite itripped of 
their gluten, never brought forth young, but 
the others, to which a portion was {till left 
adhering, were prolific. When the amnios 
began to fpoil, it was a certain fign, that 
the egg, though yet found, would fpoil. © 
LXXI, In this fpecies the little bodies, 

which we have hitherto called eggs, are tad- 
poles in miniature, as the following proofs 
may ferve to fhew, They are not broken like 
other cggs; to allow the inclofed animal to 
pais out, while they themfelves become an 
empty and ufelefs fhell, but undergo no other © 
change than an increafe of bulk, becoming 
flender at one extremity, at which the tad- 
pole {oon appears, and round at the other, 
which the eyes, the mouth and gills foon 
fhew to be the head; at length lite appears 
in thefe fetufes, they break through the am 

. nios and {wim about the water; juft as the 
fetufes of the other frogs and toads, which 
likewife have at firft the fhape of eggs. The 
advanced feafon caufes the tadpoles of this 
fpecies to exhibit their different pha/es in lefs 
than three days, whereas others being brought 
forth at an earlier period, require a longer 
{pace of time: | ra Soh 

LXXII. During the evolution, I analyfed 
thefe corpufcles with the utmoft care, and 

D 3 è cOme 
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compared them both internally and externally. 
with others in the uterus and oviducts, but 
cotld perceive no difference except in fize. 

_ From this identity then it may be concluded, 
that as thefe corpufcles are real tadpoles with- 
out the body of the female, they are fo alfo. 
within it, and by confequence, that the fe- 
tus exifts in the female before the concurrence 
‘of the male. , Pe 
‘oLXXIHI. This is alfo true of the amnios; 
for I have found that membrane furrounding 
the fetus, when in the uterus; it is then, 
indeed, in contact ‘with the fetus, and does | 
not contain any liquid; when they. are ex- 
cluded, it is at fome diftance, and full of its. 
proper. fluid... In like manner there is reafon _ 
to believe, that the umbilical cord exifts be= 
fore fecundation. This organ is indeed not 
vifible, when the tadpole floats in the liquor 
of the amnios, yet it probably exifts, fince 
it is attached by one end to the lower part of 
the head of the animal, and: by the other to the 
amnios, from which it afterwards feparates, 
and adheres a little while longer to the tad+ 
pole; it then decays by little and little, and is 
at laft quite obliterated. “i 
LXXIV. I have obferved, that in order to 

rear thefe animals, I immediately put them 
into water, imitating in this the example of. 
the female. I added, ‘that except for the 
tree-frog, well water would. fuffice, that 
fpecies requiring it to-be taken from certain 
ponds or ditches (XXXIX). To thefe pre- 
cautions, I muft {ubjoin two others, for the 
fake of thofe who may be defirous of repeat- 
ing my experiments. Fuirft, The veffels muft 
hot be kept in too warm a place, cold DERS 

4. EAM Siok Pate ee CCL 
&, n 
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defs hurtful in thefe experiments than heat: the 
two firft fpecies are produced before the clofe 
of winter, and the water of the veffels in which 

depth, without doing any hurt to the tad- 
poles. I twice increafed the cold, fo that al- 
moft all the water was frozen, but the tadpoles 
never fufféred, except when the mucus itfelf, 
in which they were enveloped, was frozen; 
which never happens, but in a degree of col 

* 

I Rep them has been frozen to a confiderable - 

far exceeding the point of congelation.. On ‘ 
the contrary, whenever I left them’ fome 
hours expofed to the fun, whén the thermo- 
meter {tood at 35°,/the greater part was fure 
to perifh. id Birt doo ome Tt 
The next precaution, not lefs important 

than the preceding, .confiftssin often changing 
the water of the veflels; if this be neglected, 
evolution will not begin, or.if begun will 
ftop; this happens in conféquence of the 
gluten becoming putrid, from: which a pes 
hetrating miafma infinuates itfelf into the 
tender and delicate fetus, and deftroys it either 
before it fhews any figns of life, or after it 
has given tokens of animation. — AI 

In order to obferve exactly the amours of 
confined frogs:and toads, it is neceflary to 
place fomething to obftru& the view of thefe. 
falacious animals, between the veffel and 
the obferver, otherwife they are difturbed at 

- the fight of a perfon ftanding over them, and 
‘ gither do not begin tocelebrate their nuptials, 
or leave them half-finifhed. | 

| Nice and faftidious perfons may perhaps be | 
difgufted at the frequent mention of an ani- 
mal fo loathfome as the toad. ‘They would 
doubtlefs have been better pleafed with re- 

~ 
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marks on fuch creatures as are more familiar, 
and may be handled without abhorrence. But 
whoever purpofes to explore Nature, conceives 
not difguft or predilection for any of her pro- 
ductions, but examines all indifferently, well 
knowing, that the ideas of what is di/agree- 
able, naufeous, &c. are not in Nature but 
the imagination; for every creature, how 
vile and horrible foever it may appear, has 
its proper beauty and grandeur, and is the 
proper object of admiration, fince it is the - 
work of the fupreme Architect. This did 
not efcape the fage Petrarch, who fings 

Tutte le cofe di che’! Mondo è adorno + 
Ufcir buone di man del Maftro Eterno. 

LXXV. I will clofe the chapter, by no- 
ticing a fact mentioned by the illuftrious 
Benue in his Corps organisés, and connected 
with the prefent fubje@t. -He tells us, that 
he knew a pool, which, after remaining dry, 
for fome time, was ftored with the fame kind 
of fifh that it contained before, nor could he 

. difcover how they came into it. Inftead of 
having recourfe to fithes accidentally drop- 
ped by cranes for the explanation of the phe- 
nomenon, he conjectures, that the fupply 
‘came from fecundated eggs that had lain in 
the mud without being fpoiled. The in- 
{tance of a fpecies of tufted polype, dif- 
covered by the immortal Trembley, of which 
the cggs may be hatched by putting them 
into water, after’ they have been kept four 
‘months in ‘the dry, affords a. remarkable 
foundation for his conje@&ure ; which he fur- 
ther confirms by the famous worms of rick- 
etty corn; thefe, it is well known, after ) LI È Rini 
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| having been dried for many years, will move 
again as well as at firft, if they are barely 
wetted. Defirous, however, on this as well 
as on all other occafions, of afcertaining the 
truth, the philofopher of Geneva wifhed that 
his conjecture might be fubjected to the teft 
of experiment, and that it might be tried, 
whether eggs of fifhes can be hatched after 

‘ having been kept fome time in the dry. | 
«As foonas I had read the work, I made the 
experiment, but without fuccefs. Of the 

— eggs of three fpecies of fifhes, which I kept 
in the dry for a month, not one brought forth 
young; indeed this appeared to be impoffible, 
for moft of the eggs were deformed and 
{poiled by deficcation. Several years after- 
wards,. being engaged in experiments relative 
‘to the, generation of toads and frogs, I put 
tadpoles recently excluded to the fame trial, 
and with the fame ill fuccefs. Hence it ap- 
pears, that in order to explain the phenome- 
rion related by Mr. Bonnet, we cannot have 
recourfe to the fuppofition, that eggs may 
be long kept in the dry.. And Iam {till more 
inclined to this opinion, from having ob- 
ferved, that the eggs of fifhes and tadpoles, 
newly laid in a fhallow place, perifh irre- 
trievably if they continue in the dry fora few 

days, notwithftanding they are afterwards put 
in water, I fay for a few days, for tadpoles do 
not die if they continue but a little while 
out of water. I put fome tadpoles juft ex- 
cluded into a dry glafs; for two or three days 
the evolution went on, they began to affume 
their true fhape, and even to fhew figns of 
life, but thefe appearances diminifhed gra- 

‘ gually, and at laft they fhrivelled up and be- 
came 



4di ‘DIL ERTATIONI I 

came disfigured amid the mucus, which was 
itfelf turned into a kind of hard glue. | 
LXXVI. But how then are we to explain 

the appearance of fifhes where there were 
none ence, and where we know that frefh' 
ones have not been brought? ‘The purport of 
this differtation does not, as is evident, lead 
me to the folution of ‘this phenomenon, 
which was only mentioned. incidentally. 
And if I was’ obliged to treat of it, it wouid 
rather be to fuggeft doubts concerning its. 
reality, than account for it.. We know not 
how any fifhes have got into places that were 
once dry, and ar6 now covered with water, 
‘but is it therefore. certain that they did not - 
get theré? Are we fure that nobody put them 

there? Is it clear that they Aeinlewes hate 
not found fome fubterrancous way, or uns 
perceived rill? Muit we ‘not of necefiity 
draw fome fuch conclufion, fince it is certain, 
on one hand, that the dried eggs of fifhes are 
fteril, and on the other, that they come only 
from eggs. GENRE: PARDESI | <é 

7 
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GENERATION OF THE WATER-NEWT, OR 
SALAMANDER. fh ones 

i + 

LXXVII. Y obfervations weremade upon 
two fpecies of newt. One 

has the lower git of the body tinged with a 
very beautiful orange colour, interfperfe 
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with black {pots of an irregular thape ; the 
fidés and back have a ferruginous ground 
with grey ftreaks; the length of this fpecies 
is four inches and upwards, and the thicknefs 
about fix lines. ‘The other fpecies, befides 

- being fhorter and lefs bulky in proportion, 
is diitinguifhed from the former by a lift of a 
golden, yellow, which bounds the ridge of 
the tail, and in females pafles upwards along 
the fpine; and reaches as far'asithe head. In 
both thefe fpecies the males differ from the 
females, not indeed in the external parts of | 

. generation, which arealike in each fex, but. 
in being provided with a dentated, membra- 
nous prominence, running longitudinally 
along the middle of the back as alfo in 
a double filver-coloured: band, which adorns 
the tail of the male, but is not perceptible 
in that of the female. Thefe two forts 
of newts are the fame which, in refearches 
of another nature, were the fubjects of thofe 
beautiful experiments on the reproduCtion of 
the limbs, the circulation of the blood, and 
other interefting topics, difcuffed in my other 
works already publifhed. POT Oey 
LXXVIII. During fpring and fummer thefe 

little quadrupeds live in ftagnant, never in. 
running waters; at the approach of winter 
they conceal themfelves Dace: ground, with- 
in the clefts of ftones, and even in vaults ; 
many of them, however, abide in the water 
during the whole winter, and more'efpeci- 
ally in fuch as arifes from fubterraneous 
fprings, and preferves a fenfible degree of 
warmth in the keeneft colds. Hence it ap- 
pears, that our newts, though in general.na- 
AYE ooh oud i Came? Whe, tives 



44 DISSERTATION 4. 

tives of water, and therefore denominated 
aquatic by me, are, however, capable of liv- 
ing, and in reality do live upon dry ground ;_ 
and for this reafon they may alfo be juftly 
termed amphibious. st {O AL | 
LXXIX, The comparative ftate of the 

feafon at which they difappear from the wa- 
cers (either defcending to the bottom, or elfe 
tranfporting themfelves to dry ground, 
LXXVIII) in autumn, and of that at which 
they re-appear on the approach of fpring, is 
worthy of notice. Before the middle of 
O&ober, while in our climate the thermo- 
meter in the fhade has fcarce fallen fo low as 
temperate, they all or almoft all retire out of 
fight, and are loft; whereas, on the other. 
hand, they begin to make their appearance, 
either by rifing to the furface of the water, 
or fwimming in it. towards the middle of 
February or thereabouts, although at this 
time it continues to freeze almott always du-. 
ring the night; and in the day-time the ther- 
mometer in the fhade is feveral degrees below 
temperate. Now whence arifes this early dif+ 
pofition in newts to quit their retreats, while 
the winter is not yet over, whereas in autumn 
they go in queft'and take poffeflion of them, 
notwithftanding the feafon long continues 
mild? Does it fpring from the ftimulus of 
hunger produced by their long faft during 
the winter months? Or may it more juftly 
be imputed to another principle not lefs 
adtive than hunger, viz, chat by which the, 
individuals of different fexes are determined 
to feek each other for the purpofe of propa- 
gating the {pecies? It is at leaft certain, that 
in fpite of the coldnefs of the feafon, which, 

: however, _ 
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however, prevents them from. fhewing fuch 
vivacity, fuch fire and alertnefs, as they after-. 
waras difplay, the males begin to chafe the 
females, to furround and to carefs them.in 
their manner, a circumftance which is never: 
obferved except at the time of their amours. - 
«LXXX. Thefe appearances. in February 

are, however, only preludes to their future 
nuptials. ‘Thefe are properly celebrated in 
March, and till about the middle of April; 
this however depends, as we have already feen 
in frogs and toads, on the greater or lefs 
warmth of the feafon, which accelerates’ or 
retards their amorous encounters. Thefeen- 
counters are conducted in this manner: the. 
male purfues the female, which at firft makes: 
a fhew of flying, but foon ftops of her own 
accord. He then approaches her in fuch a 
manner, that the lower part of his head 
comes in contact with the upper part of the: 
head of the female; and this is done while 
the animals are in fuch a pofture, that their. 
bodies form an angle, of which the point is. 
made by the union of the two heads. Some- 
times, however, the pofition varies; fome 
males, inftead of placing their head on that 
of the female, only join muzzle to muzzle; 
the bodies of the male and female are always: 
near. together, fo that the angle made by the 
two heads or muzzles, is always very acute. 
Then the male ere&s that. dentated mem- 
branous prominence which lies on his back 
(LXXVIT), agitates it in a ftrange manner, 
“and moves it from left to’ right, nearly asa 
mettlefome ftallion waves his: mane;. the. 
male alfo moves his tail brifkly, , bends it in 
a tortuous manner, and as he waves it about, 

ftrikes 
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ftrikes very gently the fides of the female; 
which continues without motion. Some- 
times the male, in order to preferve hi. pox 
fition, and at the fame time to lafh the female | 
with his tail, grafps with the toes of his fore+ — 
feet the grafs at the bottom of the ditch, or 
fmall twigs, or whatever elfe will ferve for 
a fupport, remaining always immerfed in 
water along with his companion: and while 
he thus gently lafhes the female with ‘his 
tail, he emits from the aperture of the anus, 
now unufually tumid and dilated, a copious 
jet of femen, which mixes with the water, 
and thus diluted, arrives at the anus of the 
female, which likewife, on this occafion, ap= 

‘pears more enlarged as well as wider than 
ufual. In this important operation then, the 
anus of the male is never in contact with that 
of the female, which alfo always maintains 
a greater orfmaller diftance, and never fhews 
any part at all characteriftic of her fex. After 
the male has eje@ed this jet of femen, he 
refts for a while, on fome occafions quitting 
the female; he then returns to his employ- 
ment, and repeats the contortions of the tail, 
and theemiffion of femen. I havefeen thefe als 
ternations continue more than an hour; and 
when they are engaged in this employment; 
they may be approached and.taken with the 
hand; almoft without. being aware of what 
happens to them. And fometimes the male; 
from his agitations and contortions between 
the fingers, throws out a fmall portion of 
femen, which is of a very white colour, and. 
in confiftence refembles thick milk. 
LXXXI. I firft obferved thefe curious facts 

in places where the newts naturally Ro 
x na è all 
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‘and fport together, viz. in ponds, ditches, 
puddles, &c. afterwards I obferved overagain 

| the fame things at home in veffels full of 
water, more commodioufly ‘and with equal 
fuccefs, exactly in the fame manner as I had 
obferved the generation of frogs and toads. 
‘I found that this fingular mode of impreg- 
nation takes place in both the fpecies of newt 
which I have defcribed (LXXVIII). Upon 
the whole it appears then, that copula- 
tion is not necefiary to the fecundation of 
thefe animals, and. I can affert with confi- 
ence, that among the many thoufands which 

I have obferved at the time of- their amours, 
- 1 have never feen a fingle pair in conjunction, 
not only for the purpofe of generation, but. 
on any other occafion. | 

‘ Being well affured, that with refpe@ to ex- 
ceptions from. certain rules fuppofed to be 
general, diffidence and caution can never be 

‘carried too far, I was very defirous of wiping 
awayall fufpicion. I have been feveral times a. 
{pectator of the copulation of wal/-Lzards,. 
which happens in April and May, and may 
be faid to laft a fingle inftant. In the cleareft 
days, and in places moft expofed to the fun,. 
the male runs after the female, and when he 
has overtaken her; he twines himfelf about 

her, and unites his genitals to her's, but this 
“union may be termed momentaneous, after 
which the two ferpents part. Do newts alfo, 
which on account of fome refemblance, are 
likewife called water-lizards, during their 
amours as defcribed above (LXXX), do they 
alfo, I fay, copulate for a fingle inftant? Al- 
though I kept my eyes fixed on them, fo that 
the moft trifling action or {malleft motion 
IR could 
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could not efcape me, I am quite certain of 
having never feen them in copulation for a 
fingle moment throughout the whole period 
of their amours. I may even affert, that the 
genitals of the male were always at the dif- 
tance of feveral lines from thofe of the fe- 
male ; and I have been ftill more and more 
convinced, that no copulation of any fort 
takes place in this kind of animals, but that 
fecundation is effected by that portion of 
femen which the male darts into the water; 
and which afterwards is received into, the 
body of the female, at the aperture of the 
anus. . 
LXXXII. I made thefe obfervations in 

me and 1767, and gave fome intimation of 
them in my Profpecius concerning animal re- 
productions, publifhed in 1768: my exprefiions 
are the following: ‘° Naturalifts are not cer- 
tain whether newts copulate like the gene- 
rality of animals, or in the manner of frogs © 
and toads. As fuch an enquiry is of impor- 
tance to the hiftory of generation, I have 
paid great attention to it, and in my work 
will relate all that I have obferved (z).” — 

I was perfuaded that thefe obfervations 
were new, for in truth I was not apprized 
that any perfon had publifhed any thing upon 
the fubje&. And I fhould ftill have re- 
mained under this perfuafion, if I had not 
chanced to read in Bomare’s Dzétionary of 
Natural Hifory, the article Aquatic Newt, 
in the volume printed in 1775, that is to fay, 
feven years after the publication of my Pro- 

(2) Page 77. 
{fpectus, 
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fpe&us, in which I found that Mr. Demours 
had turned his attention to the fame point: 
I was not able to afcertain whether his ob- 
fervations are prior or pofterior to my own, | 
for want of knowing whether they are to be 
found in a feparate publication, or were 
fimply communicated by theauthor to Bomare. 
However it may be, I acknowledge with the 
moft unaffected ingenuoufnefs, that the pain- 

 ful:feelings, which ufually arife on perceiv- 
ing that another, without our knowledge, 
has begun to reap in our own field, have been 
amply compenfated by the pleafure of finding 
that the obfervations of the French Naturaliit 
perfectly agree with mine upon the whole, a 
{trong prefumption that theobfervers have been 
exact. The fum of his obfervations is, that 
after various gallantries on the part of the 
male, fuch as {topping the female, bending 
his body in the form of an arch in the wa- 
ter, and ftanding upright with his creft or 
prominence erected, he opens his anus, for- 
cibly compreffes the region of the tefticles, 
lafhes his companion with his tail, and now 
fqueezing his tefticles with his utmoft force, 
darts forth the feminal liquor, without how-_ 
ever being in contact with the female. The 
liquor fpreads along her fides, after flightly 
clouding the water: Then the male drops 
down as it were afleep, but foon awakes, and 
reaflumes his former gallantries, which are 
fucceeded by a frefh emiffion of femen, after 
which the two animals feparate (a). / 

(a) Page 38, 39. | 

Vor, II. E | Thefe 



25 DISSERT. AT HON’ I. 

Thefe obfervations, as far as they prove that 
no copulation takes place between newts, 
are confirmations of mine, whatever opinion 
is to be entertained concerning any flight dif- 
ference in the accounts of theamorous gefticu- 
lations, as well as concerning the fewemiffions 
of femen obferved by him, and the numerous 
ones remarked by me (LXXX): for with 
refpe& to the former, they are circumftances: 
totally foreign to the main object of atten- 
tion, and as to the more or lefs frequent 
emiflions of femen, thefe it is evident might 
depend on-the difference of temperament, age; 
and vigour of the animals. } 
LXXXIII. In the LXXXIft paragraph I 

have fuppofed that impregnation was effected 
by thofe jets of femen which the male emits 
in the vicinity of the female. Let me now 
adduce the proof of this fuppofition; but that 
it may be better underftood, it will be expe- | 
dient to. premife fomething concerning the 
ovaria, oviducts, and ova of thefe animals. 
When the abdomen of a female falamander 
is laid open at any feafon of the year, the two 
ovaria prefent themfelves, containing a mul- 
titude of little eggs of a yellowifh white 
colour, fmaller than hufked millet, and not 
fioating loofe in the cavity of the ovaria, but 
adhering to their fides. The little ova, at 
he approach of fpring, increafe infenfibly 
in fize, and when they are arrived at matu- 
rity, (which happens at the time of their 
amours) they defcend into the oviducts, 
which conte: of two white tubes, which 
extend from the origin of the fore-feet to the 
root of the tail, and include the fpine be- 
tween them. Both are wrinkled and full of. 

curvatures . 
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curvatures and flexions, when they are freed 
from thefe, and ftretched in a right line, 
they exceed about four times the whole length 
of the animal. MS bese cy ah 
LXXXIV. During the feafon of amours, 

the oviducts always contain a greater or fmall- 
ef quanity of eggs, placed in rows, and gene- 
rally more numerous in that part of the duct 
which lies neareft'the anus. And now it is, . 
that on flight preffure on the belly, or evert 
from the contortions of the animal, when 
they are held between the fingers, the eggs 
commonly come out from the cloaca, juit 
as we have before obferved, that the femen of. 
the male is emitted under like circumftances 
(LXXX). The ova, when they quit the 
ovaria and enter the ovidu&s, become far 
larger, and they now are invefted with 
a vifcid gluten, nearly as happens in frogs . 
and toads, except that the gluten which fur-. 
rounds the eggs in the two latter kinds of 
animals is more abundant and more vifcid. 
When the male hath ejected the femen, and 
when from its vicinity to the female, it has 
infinuated itfelf into her anus, that portion 
of eggs is fecundated, which is neareft 
the vent, and about to be excluded, and 
the remainder which lies in the higher part 

‘of the oviduct, continues at that time unim- 
pregnated. This truth actual experiment 
‘proved to: me “in the following manner. 
When the males began to purfue the females 
with eagernefs, I put the latter by themfelves 
in veflels full of water. They, notwith- 
ftanding, difcharged their ova, but they re- 
mained barren. I allowed the males to ap- 
hc i and they darted their femen as ufual ; 

then again feparated the females, when I 
E 2 found 

s i 
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found that the firft eggs they difcharged (a- 
mounting to fix, feven, or thereabouts) fur- 
nifhed me after fome interval with living 
newts. : But this was not the cafe with others 
lying higher up in the oviduéts, which were 
brought forth afterwards. : 
After the amorous encounters were over,. 

I opened a female, and taking the eggs out: 
of the ducts, I put them into water, with 
the precaution, however, of -placing thofe 
which lay in the vicinity of the anus tn a fe-: 
parate veflel. ‘Thefe produced young, while 
the reft all failed. ‘To thefe proofs, which 
in my opinion are decifive, let me add ano-. 
ther. The fpecies of newt, with the golden: 
lift upon its back (LXXVII), inftead of 
bringing forth the ova feparate, like the 
other fpecies produces little cords, fometimes 
of the 0 of two inches, confifting of 
feveral dozens of eggs. After the male had: 
carefled one of thefe females, I opened the 
abdomen, and took the eggs out of the 
ducts, which were united together by means 
of the glue, and formed two cords joining 
at an angle near the cloaca. I placed thefe: 
cords in water, and marked the end which: 
would have appeared firft with threads. And 
the eggs at and near this end produced young; 
while the others came to nothing... | 
LXXXV. Though I have proved-that 

thefe eggs are not fecundated, yet it does not 
follow they do not become fo in the fequel.’ 
in proportion as thofe which lie neareft the 
anus are expelled, the more, remote defcend. 
and take the place of the former, and are: 
impregnated. by new emiffions of femens 
‘Phe fame thing happens to.the moft diftant, : 

fo. 
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fo that all that arrive at maturity, pafs out of 
the ovaria, and enter the cavity of the ovi- 
du&s, are fooner or later fecundated. I had 
an irrefragable proof. of this, by attending 
to fucceffive difcharges of ova, which all 
produced young alike. From what has been 
already advanced, it is very obvious to infer, 
that the males do. not foon abandon the fe- 
‘males. From obfervation I have learned, 
that their amours laft fometimes twenty, 
fometimes thirty days, and fometimes {till 
longer, viz. until the females have difcharged 
all their mature eggs. For as long as any 
remain in the oviducts, the males never ceafe 
their careffes, and alternate emiffions of fe- 
men, and intervals of relt (LXXX). I faid ‘ 
above all their mature eggs, fince after the 
amours of the newts are ended, there remain 
within the ovaria others of very {mall fize, 
and in very great abundance. 

« LXKXXVI. Bomare, in the article already 
‘quoted (LXXXII), afferts that aquatic newts 
difburthen themfelves of the load of their 
eggs, by laying hold of them with their 

mouths and feet, and thus promoting the 
difcharge from the anus, but that as they are 
expelled they are glued under the tail, The 
French writer will I- hope pardon me, if I 
venture to affert that no fable can be more 
extravagant than this. If inftead of being a 
copyift by profeflion, as he appears to be from ‘ 
all his publications, he had taken the trouble 
to: obferve Nature, and in confequence of. 
this had enquired into the manners of newts, 
he would have feen upon a thoufand occafions, 
that the eggs are difcharged and feparated 
from the anus without the concurrence of 

Rae be Le: the 
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the mouth or feet, and that thefe animals 
never fhew the leaft difpofition to employ 
either the one or the other. He would have 
‘befides felt with his hands, that far from fol- 
lowing the practice of cray-fith, which after 
having brought forth their ova, keep them 
attached to the inferior- furface of the tail, 
that thefe animals expel them in fuch a man- 
ner, that they all fall to the bottom of the 
water. Of the infinite number’ of néwts 
which I have kept in different years, and for 
different purpofes, in veflels full of water, I 
have never found one individual that carried 
a fingle egg adhering to the tail, but when 
the water in the veffels was changed, they 
were always {een in an heap at the bottom. 
I remarked the fame thing in thofe that were 
wandering at pleafure about the water in the 
open plains. | BLT 

And fince I am fpeaking of the article 
Newt, compiled by Bomare, let me point out 
another of the various errors which it con- 
tains. He afferts, that the cry of the water- 
newt very nearly refembles that of the frog 
(page 35), whereas it is fufficient to be very 
{lightly acquainted with thefe animals, in 
order to be affured that they are quite mute. 
It is only when they rife to the furface of 
the water, to expel the old air from their 
lungs and to inhale frefh, that the obferver 
hears a fort of very low whittle, fcarce per- 
ceptible at the diftance of four paces. But 
in an author, who feems to have inherited 
inaccuracy and want of difcernment, as nu- 
merous other fabulous tales, with which his 
Dictionary abounds, may ferve to fhew, fuch 
errors are lefs unpardonable. - 
dol | LXXXVII. 
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LXXXVII. But let us proceed to the 
hatching, or rather the evolution of newts, 
another part of their hiftory not lefs curious 
and interefting than the preceding. Let us 
then attend to what happens to the eggsafter 
they have been brought forth. Thefe, when 
put into water, fink. to the bottom; if the 
weather be warm, a quantity of air-bubbles 
foon appears upon the gluten which includes 
them; thefe at firft are very {mall, but be- | 
come afterwards larger, and at leaft fo large, 
that the eggs become lighter than water, 
and arife to the furface, bringing with them 
the collection of bubbles {till adhering to 
the gluten: the bubbles then burft and dif- 
appear, and now the ova fall again to the bot- 
tom, and rife no more, being kept down by 
the gluten, which faftens them to the {pot 
on which they reft. If we continue to watch 
them attentively, we can perceive that their 
fhape begins to change. When firft brought 
forth, and for one or two days afterwards, 
they refemble an elongated fpherule; the. 
{pherule now begins to appear flightly curved, 
reprefenting in miniature a kidney, or the 
tefticle of a cock. ‘The curvature encreafes, 
and the bulk in the fame proportion, but 
with this additional circumftance, that one 
end of the ovum becomes thicker, and the 
other thinner. In the mean time, it acquires 
twice its original fize. And now it appears 
not to grow in bulk, but only in length; 
and this becomes every day more apparent to 
the furprize of the obferver. But his greateft 
furprize arifes from feeing the egg thus elon- 
gated, agitate itfelf at intervals with great 
brifknefs, and then continue quiet: and as 

| EA th is 
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this happens without: any external exciting 
caufe, the idea of animality neceflarily arifes 
in the mind, and we incline to believe that 
the fuppofed egg is a real newt, only in dif- 
guife, juft as I have difcovered that the fup- 
soled eggs of frogs and.toads are not eggs, 
bat tadpoles in difguife.. This idea continues 
to be more and more confirmed in the fequel, 
from obferving by a glafs the felf-moving 
egg aflume the features of a fmall newt, the 
tail appearing beautiful and perfe&ly formed, 
the vertebra beginning to fhew themfelves as 
well as the little gills within which the 
blood circulates, and likewife two lateral 
rrotuberances, which the obferver fufpects to 
a the rudiments of the arms, and the veftiges 
of the headand muzzle, and laftly the outlines 
of the eyes lying by the fide of the head, un- 
er the appearance of two inconfiderable tu- 

mours, Continuing to employ the microf- 
cope, we perceive that the little newt is not. 
now circumfcribed by the giuten, but by a 
tranfparent circlet more internal, which is 
nothing elfe than the amnios full of liquor, 
within which the little animal has its refi- 
dence; its colour is alfo remarkable, the 
inferior part of the body is white, while | 
the upper part is yellowith, and interfperfed 
with jeveral blackifh ftreaks... N° J, Fig. 16. 
Pl. III, reprefents a newt's egg in its natu- 
ral ftate, furrounded by gluten: N° II, III, 
IV, V. thew the fame egg, ftripped of ‘its 
gluten, and infenfibly becoming curved and 
elongated, N° VI, VII. reprefent the body 
fuppofed to be an egg, but which from its 
progrefiive elongation and evolution, has af- 
fumed the real appearance of a {mall newt, 

fomewhat 
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fomewhat magnified. D. fig. 17. fhews the 
fame circumfcribed by the amnios, which is 
reprefented by the fmaller circle, but the 
While was obferved by a microfcope of greater 
magnifying power. 

: . LXXXVIII. As long as newts remain in 
the amnios, they are never feen extended at 
full length, but always incurvated in fuch a 
manner, that the tail approaches to the head, 
as may be obferved in fig. 16. N° VI, VII. 
and at D. fig. 17. ‘It cannot indeed be other- 
wife; fince the diameter of the amnios is 
much fhorter than the young newt, they muft 
of neceffity be bent. Whilft they are con- 
fined in this prifon, they change their fitua- 
tion from time to time, and always with in- 
credible quicknefs, on a fudden tranfporting 
the head where the tail lay and reciprocally ; 
and this happens not only when they are 
ftruck by any fubftance, but even when they. 
are left. undifturbed. Mean while they in-. 
creafe in fize from the food they take within 
the amnios, but when afterwards that mem- 
brane can no longer contain them, they burft 
it by repeated RON and entirely quit their 
envelope, and begin to fwim about the wa- 
ter, by the help of quick vibrations of the 

| tail. I have feveral times beheld this exit 
with pleafure; it recalled to my memory the 
exit of butterflies, when they lay afide the 
mafk of the chryfalis. In fig. 17, 18, 19. 
are feen three newts juft out of the envelope ; 
two with their backs prefented, fig. 17 and 
19. and one laterally, fig. 18. In the fame 
figure we have two others, fome time e- 
mancipated from their confinement, and 
fwimming about the water, Thefetwo young 

newts, 
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newts, as well as the two others that are 
coming out of their envelopes, fig. 17 and 
18. fhew the prominent rudiments of their 
fore legs, under the appearance of two little 
ftumps. Two of thefe are marked C..C, 
fig. 17. So. the letter A. in the fame figure, 
reprefents one of the above-mentioned en- 
velopes.. Upon examining fome, which were 
no longer receptacles for young newts, they 
appeared to be externally compofed of a re- 
fiduum of gluten, which, at its internal fur- 
face, had become callous, of the extremely 
fine and tranfparent membrane of the amnios, 
and of a little of the ligquor.of that mem- 
brane, which was alfo tranfparent and flightly 
VLC Ale 00 | 
. LXXXIX. My next object of enquiry was, 
the time requifite for thefe animals to pafs 
from the illufive form of ovum, to the real 
one of newt; this I have found to amount to 
the {pace of feven days, more or lefs. They 
require three or four more before they come 
to burft the amnios and gluten, and to float - 
at liberty in the water. 

In general, to hatch thefe animals is more 
difficult, than to hatch the tadpoles of frogs 
and toads. Though the fetufes of the newt 
{fal{ely fuppofed to be eggs) are put into pure 
water as {oon as they are brought forth, and 
this water fhould have been taken from the 
very {pot in which they were depofited by 
the females, yet few come to perfection, 
inlefs we are careful to change the water 
very often; and even with this precaution, 
there is always, in, like. circumftances, a 
fmaller number of young newts than tadpoles 
evolved. 

de | | XE. 
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» “XC. This difficulty does not occur in their 
further evolution and growth. Any kind of 
water, either pit, rain, river, or lake water, 
‘will anfwer this purpofe perfe&ly well, pro- 
vided it is pure. If there fhould happen to 
be any plant, fuch, for inftance, as the marfh 
lentil, in the water which. contains the 
young newts, they will furround and nibble 
at with their little mouths, feleCting thofe 
parts which are beft adapted to their confti- 
tution. During the progrefs of evolution, 
the arms are unfolded more rapidly than other 
parts (LXXXVIII), they become pointed, 
and are bent back towards the pofterior part 
of the body, as may be feen in the two young 
newts at the bottom of fig. 19. but better in 
fig, 20. in which the animal appears mag- 
nified. ‘The two cones marked C. D. are 
the two arms; above which, and nearer the 
head, the gills are feen branched, as alfo two 
other fmaller bundles of gills, E. F. near 
the eyes; thefe fmaller gills appear later than 
the large ones. The young newts being fill 
kept in water, about a week after their exit 
from the egg, three other very {mall cones, 
not far diftant from each other, fhoot from 
the ends of the two former; thefe cones are 
foon perceived to be fingers belonging to the 

| Httle hands. The animals now begin to 
employ thefe fingers, hands, and arms. In 
like manner as the anterior limbs make their 
firft appearance in the fhape of two cones, 

| fo alfo do the pofterior, which commonly are 
firft. perceived, fifteen and fometimes twenty . 
days after the animals have quitted their en- 
velope. Nature likewife obferves the fame 
progrefs in producing the toes as the fingers i 

| 1 an 
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and now the newt is able to walk,. either 
slong the bottom of the water, or ‘on dry. 
ground. It is well known, that the tad- 
poles, both of frogs and toads, lofe their 
gills a few days after their birth. : Young 
newts, on the contrary, retain them long, 
and I have even obferved them in Auguft. — 

XCI. There ftill remains an important en- 
quiry relative to thefe animals, the fame which 
has been already made concerning frogs and 
toads. At what period may thofe roundifh 
bodies, commonly called the eggs of newts, 
be properly termed true fetufes? Is it when 
they are upon the point of being expelled 
from the body of the! female, and confe- 
quently have been. already: bathed by the 
femen ? or ftill fooner, when they: lie in.the 
higheft part of the ovidu&s,.where we are cer= 
tain that the femen could not arrive? I flat- 
ter myfelf, that I have the moft dire& proofs 
that thefe little bodies are real animals, even 
when they are at the top of the ovidu&s; 
although when taken out of the body of the 
female, they are not developed; but come ta 
nothing, for want of the neceffary condition 
of being fecundated by meansof femen. Thefe 
proofs are deduced from the identity of the 
ampregnated and unimpregnated corpufcles : 
and I hope the reader will be fully convinced 
of this identity, when I aflure him, that I 
have fubjected each to the fame minute and 
rigorous analyfis, that was employed upon the 
fetufes of frogs and toads, and which is par- 
ticularly defcribed in the LXXVIIIth para- 
gragh; nor could.I difcover the fmalleft dif- 
ference, either in -the internal or external 

! parts, 
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parts, between the corpufcles bedewed with 
femen, .which were evolved and became 
newts, and others not touched by that li- 
quor which were fpoiled. I therefore con- 
clude, that in thefe animals alfo, the fetufes 

‘ exift in the females before they are impreg- 
nated by the male. | 

XCII. I have fpoken of the two forts of 
newts defcribed in-paragraph LXXVII, and 
which have been hitherto the objects of my 
enquiries, as if there had been only one, hav- 
ing obtained from both the fame refults in 
every thing that refpects generation. I will 
moreover add, that. thefe refults have been 
the fame in another fpecies of this animal, 
little more than:an inch and half in length, 
and about two lines in thicknefs, of which 
the colour..is a cineritious ground, inter- 
fperfed with black fpots; my obfervations: 
upon this {pecies were made three years af-, 
ter thofe which are related in the prefent 
chante, Doge Sedo 

I have hitherto related my remarks con- 
cerning the generation of frogs, toads, and 
newts, in fuch a manner, that it does not 
always. appear, whether I have made fuch a 
number of obfervations and experiments as is. 
neceflary, in order to obtain fafe and conftant 
refults. Now the reader may be aflured, that 
I have done this, not becaufe I was not in 
offeffion with a fufficient number of fa&s, 
ut in order to avoid creating difguft by too 

frequent repetitions. I can alfo affure him, 
that every fact has been feen and examined a 
great;number of ‘times, for I have been 

. taught by daily experience, that in natural 
toi hiftory, 
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hiftory, truth can only be attained by the con 
{tant fuccefs of repeated experiments. | 

Gir Ri Bek 

SR VEIPSEAE CE PUO WS. 

SAMIR Y principal intention in the five - 
i preceding chapters, was to re- 

late facts unmingled with. reflections. I 
would. now deduce confequences, and lay be-. 
fore my readers fuch a train of reafoning, as 
may contribute to the illuftration of the fub— 
ject, for this is the moft important. part of 
natural philofophy. 3 i 

I. It is well known, that almoft all ani-: 
mals except man, have a ftated feafon for the 
propagation of their fpecies.. Thus the fe- 
male cat receives the male in September, Ja- 
nuary,. and May. The fhe-wolf and fox. in 
January; the doe in September and October. 
‘The fpring and fummer are the feafons ap-: 
pointed. for the amours of birds, and many 
fpecies of fifhes. ‘The immenfe tribe of in- 
fe&s have likewife a determinate time for per- 
petuating their kind; this is the fine part of 
the year, and particularly autumn and {pring. 
Ihe lait mentioned clafs of beings is fubje& 
to a variation that is not obferved in the: 
others. Unufual warmth or cold does not retard: 
or forward the conjunction of birds or quad- . 

rupeds ; 
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rupeds; but a late {pring delays the amours 
of infects, and an early one forwards them. 
Thus it is obferved, that in the fame coun- 
try, the infe@s on the mountains: are later 
than in the plains. | 

XCIV. The variations of heat and cold 
have the fame effect upon: the amphibious 
animals, that have been the fubject of my 

enquiries, as upon infe&s.. They too have, 
as we have feen, a fixed time for their amours, 
but it varies according to’ the warmth or 

 coldnefs of the feafon. If we compare my 
obfervations on frogs and toads with thole 
of Roefel, it will appear, that this order of 
animals begins earlier to propagate the fpecies 
in the mild climate of Italy, than in the ri- 
gorous temperature of Germany. In his hif- 
tory, he {peaks of a very {mall fort of aquatic 
toad, which, from the beautiful flame-co- 
loured fpots that adorn the belly, he calls. 
Bufo igneus, as copulating near Nurimberg 
in June. ‘This fpecies is not found in thé 

. plains of Italy, at leaft not in the Modanefe, 
the Milanefe, or the. country round Pavia. 
T have fometimes found it on the hills round 
Modena; the male embracing the female in 
May, but I had notan opportunity of making 
my obfervations with fufficient accuracy. 
Afterwards, in my journey to Geneva and 
Switzerland, in the fummer of 1779, I faw 
a preat number of thefe toads. In the courfe 
of my excufions with the amiable and learned’ 
Mr. Senebier, on the eminences that almost 
furround that illuftrious and cultivated city, . 
I remarked, that there was not a lake or ditch -- 
that did not afford reception to great num- 
bers of thefe animals; they were generally 

i coupled, 



64 Die DRD NGI. 

coupled, though it was then the end of July. 
I have moreover found them in Augutt, in 
many waters in the vicinity of Berne, Bafil, 
Zurich, and Lucern, and their amours were 
then but juft finifhed, as appeared from thelit- 
tle tadpoles that had lately quitted theirmucus, 
and were fwimming about. ‘Thefe animals 
then copulate much earlier in Italy, than ei- 
ther in Germany or Switzerland. This is 
not matter of furprize, for the Swifs cantons 
are generally known to be the higheft part of 
Europe, and by confequence muft be cold, 
as I perceived among other proofs, which 

cannot be properly introduced here, by the 
ripening of the corn, which is a month later 
than in the plains of Italy, and by thofe trees, 
which with us will not grow-at all, or elfe 
only in the higheft fituations, thriving here 

. wonderfully in the loweft vallies, fuch for 
—inftance as the larch, the beech, the fir, &c. 

I have obferved in the tree-frog, and fetid 
terreftrial toad, in the river at Geneva, juft 
the reverfe of what I had feen in the Bufo 
aureus in Switzerland. In March 1780, | 
remarked that the two former fpecies had 
made their appearance, and were coupled in 
the ponds and other refervoirs of fine gardens 
near that city, whereas in Auftrian Lombardy, 
they had not yet quitted their fubterraneous 
abodes. [he reafon why frogs, toads, newts, 
and the numberlefs tribe of infects, require 
a certain degree of atmofpherical warmth, is, 
I fhould think, becaufe the latter have an in- 
ternal fource of heat, which animates them, 
even in the fevereft cold, whereas the former 
are almoft entirely deititute of any fuch 

fource. 
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fovtce. As therefore the exércife of their 

_ fun&ions depends on the heat of the atmo- 
{phere, their amours will alfo depend upon this 
caufe; and will of courfe be later in cold than 
hot climates, and in both will vary with the 
feafon. | | Pb : 
(XV; II. It has been fhewn in the: pres 
ceding. chapters, that the round bodies pro- 
duced, during the feafon of generation by the 
female frogs, toads, and newts, that fell un- 
der: my; infpection,' are not, as it has been 
univerfally, believed, eggs, but real fetufes ; 
for they are never inclofed in membranous 
or cruftaceous envelopes, like animals that 
come from eggs, but are quite naked; nor do 
they ever leave any fhell or membrane behind 
them, after they have been impregnated, ex- 
cept the amnios, which is the cafe with all 
viviparous animals, It follows, that thefe 
{pecies ought to be removed from the clafs.of 
ovipatous animals, to which they have been 
referred by naturalifts and nomenclators, and 
placed among the viviparous. There is a 
circumftance here that deferves to be noticed. 
All viviparous animals have this in common, 
that.their fetufes are at birth full formed, and 
retain the lineaments which they then have 
‘through their whole life: they are only more 
‘unfolded. | We are further certain, that they 
have long before birth the form of the-{pe- 
cies, as is evident frora human abortions, as 
well as thofe of ,beafts. In like manner, ani- 
mals that come from eggs are formed, not | 
only when they are hatched, but long before, 
as we fee in the eggs of birds, various reptiles, 
crocodiles, &c. If the eggs are broken and 
examined, we fhall perceive the fetufes more 

You. Lf |e | or 
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or lefs advanced, provided they have been 
fecundated and fet to hatch. I haye made 
the fame obfervation on the eggs of infects ; 
when I found they were nearly hatched, I 
have frequently opened the pellicle, and dif- 
covered the embryo formed, and endowed with 
the power of motion. On the contrary, the 
fetufes of the amphibious animals, that have 
been the fubject of my refearches, are quite 
fhapelefs at the time of exclufion, and have 
only the appearance of globules; it is not till 
afterwards that the limbs begin to appear, 
and they affume the lineaments of the fpecies. 
Now I think that upon refle€tion, I can affign 
the phyfical caufe of this ftriking difference. 
The fetufes of other animals have, indeed, 
at the time of birth, the characteriftic form of 
the fpecies, but they do not acquire it for 
{ome time after fecundation. They are at 
firft fhapelefs, as we fee in birds in the egg, 
which, before they affume their true figure, - 
muft undergo the moft furprizing changes, 
as has been {hewn by Haller, and before him 
by Malpighi. Fetufes then, in general, are 
not perfectly formed till fome time after fe- 
cundation. Now in the amphibious animals 
of which I have been treating, impregnation 
does not take place till the fetus is excluded. 
It 1s, therefore, no wonder that they are 
fhapelefs ; it is indeed to be expected, that 
they fhould take the ‘form of tadpoles after 
they are brought forth. And we might con- 
clude, that the globular figure which thefe 
animals have, as. long as they lie in the ova- 
ria, might perhaps be the univerfal model for 
unimpregnated germs, if they were not the 

patinati production _ 
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production of infinite wifdom, and therefore 
probably infinitely varied, . | 
« XCVI. II. Though thefe animals are pro- 
perly denominated amphibious, fince they 
are capable of living both upon dry ground 
and in water, yet, if we except the common 
frog and the newt, they generally live out” 
of the water, and only repair to it in order 
to propagate the fpecies; and.as if confcious 
that their fetufes, if brought forth upon 
land would irretrievably perifh, they invari- 
ably depofit them in water, the only element 
where they can be unfolded and grow. ‘They 
do not, however, piace them in any water. 
that may happen to be near: they are never 
to be feen in torrents or rapid rivers, but al- 
ways in ditches, dakes, ponds, where the. 
water ftagnates or runs but flowly.. The rea- 
fon of this is very obvious. A rapid current 
‘would: carry the fetufes away, for they are 
fpecifically lighter than water, and by conti- 

~nually fhaking and dafhing them againft the 
banks and other obftacles, would deftroy the. 
“ggeater part. The fame danger does not fub- 

ift in ftagnant waters. Befides the tadpoles 
here find their food, which chiefly confifts of 
water lentil, a plant that does not grow in 
quick ftreams. | 

Thefe animals then, as well as others, 
. carefully provide for the continuation of the 

fpecies. In infects in particular, thefe pro- 
vifions are an inexhauftible fubje& for admi- 
ration.’ The curious obferver of thefe mi- 
nute beings, is conftantly furprized by the 
care they take to depofit their eggs, where the 
the young are fure to meet with proper food. 

«An immenfe number of both noéturnal and 
SIA eg diurnal 
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diurnal butterflies and moths, come from 
grubs that live upon various herbaceous and 
woody plants. They never fail to. depofit 
their offspring precifely upon thefe plants. 
There is not the leaft danger left they {hould 
miftake one vegetable for another. That 
which comes from the grub of the oak néver 
lays its eggs on the elm, and reciprocally. 
The fame may be faid of other plants; for 
fhould fuch a miftake happen, the grubs 
would die for want of fitnourifhment. Ano- 
ther clafs of infects, the numberlefs and va- 
rious tribe of flies, affords equal caufe of . 
admiration: they all depofit their eggs in cer- 
tain {tated places; fome in the pith or within 
the bark of trees, or upon the leaves, or with- 
in the empalement of flowers; fome in the 
ground or.in water; fome upon dunghills,; 
in fepulchres or dead bodies, and others, in 
fhort, within the body or upon the fkin of 
living animals. | x vate 

Equal induftry and fagacity is confpicuous 
in the race of cantharides, beetles, &c. And 
to come to animals, more nearly refembling 
thofe concerning which we are enquiring, 
many fifhes, belonging both to falt and frefh 
water, conceal their eggs in places where the 
water. is fhallow, and confequently more 
warmed by the rays of the fun; hence the 

. young: fry is fooner produced. Befides thefe 
places generally afford more aquatic infects,’ 
the food moft agreeable to'‘fifhes. Turtles, 
which are themfelves amphibious, furnifh’ 
an example ftill more clofely connected witli’ 
the fubje& of thefe diflertations, excepting’ 
that they repair to dry ground, and conceal’ 
their egos-in shetfand?. ‘oa oho | ci, SCIE 
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«XCVIH..IV. In the four firft chapters, I 
entioned the clofe embraces of the male 

frogs and .toads. . This phenomenon has 
given rife to difcordant opinions. Vallifneri 
thinks, that the compreflion contributes to 
eparate the eggs from the ovaria, and to fa- 

cilitate their entrance into the oviducts (2). 
Swammerdam, on the contrary, fuppofes that. 
it is more likely to prevent, than forward 
their paflage through the ovidu&s, as it may 
clofe their orifices. Hence he thinks, that 
the male does not begin his embraces, till 
the eggs have paffed through thofe canals (4). 
But this can only be determined, by opening 
fome females at the commencement of their 
amours. In fome fpecies, indeed, bare in- 
{pection will fhew, that the preflure made by 
the fore-feet of the male, cannot contribute 
to force the eggs out of the ovaria; for they 
do not come forward upon the breaft, to 
which the chief part of the ovaria lies oppo- 
fite, but prefs againft the lower extremity of 
the abdomen, as I have. myfelf obferved in 
the Bufo igneus of Roefel, and as indeed is. 
evident from his figure. I kept two females 
from the male, but this did not prevent them. 
from difcharging their eggs. Hence it is 
more than probable, that this would alfo hap- 
pen in the fpecies, denominated by that na- 
turalift,  Bufo aquaticus allium redolens; for 

‘ the male does not prefs againft the breatt, 
but like the igneous toad againft the abdo- 
men of the female (c). There feems, how, 
ever, fome ground for believing, that the em- 

a) La Gg (5) Bibl. Nat. (c) See Roefel’s 
figure, PES 

ng F3 braces 
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braces cf the male may contribute to the ex- 
clufion of the eggs, in thofe fpecies in which 
he clafps the female round the breaft ; as in 
thofe frogs and toads, of which I have de- 
{cribed the mode of generation in the four 
firft chapters. If the females of the aquatic 
frog be kept feparate from the male, I have 
found, that they do not difcharge their fe- 
tufes (VII). Here then we mutt conclude, 
that the embraces of the male influence this 
function. i 

I know not how this influence can be 
exerted, except by the prefiure made againft - 
the breaft, by which the fetufes are (red 

. out of the ovaria, and get into the mouths of 
the ovidu&s. But in the tree-frog, notwith- 
ftanding the preffure is made againft the 
breaft, it does not contribute to the defcent 
of the fetufes, fince they get into the uterus 
before the male begins his embraces (XXVI). 
When I wrote the hiftory of the terreftrial 
toad, with red eyes and dorfal tubercles, I 
knew not whether the female could bring 
‘forth without the male; and I only faid, that 
his embraces begin before the fetufes quit 
the ovaria (XLII). I afterwards kept two 
females in a veflel full of water, which, 
without the approaches of the male, dif- 
charged their long and vifcid cords, but the 
fetufes all perifhed for want of fecundation. 
If we now compare the facts related in this 
paragraph, we fhall find, that Swammerdam’s 
Opinion is not univerfally true; for although 
the embraces of the TRA are pofterior to the 
defcent of thefttufes into the uterus in thetree- 
frog, yet this does’ not happen in the aquatic 
frog and in toads. Secondly, it will appar, 
DTA RAT ge li AA, that 
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that the {trong comprefiion of the male is 
very far from being always, as Vallifneri 
imagined, the caufe of the feparation of the 
fetufes from the ovaria. We cannot there- 
fore on this, any more than on numberlefs 
other occafions, lay down any general rule, but 
muft be attentive to the variation of Nature, 
in the endlefs multiplicity of her operations. 

XCVIII. V. I fhall, perhaps, be afked to 
point out the caufe of the male’s perfeverance 
in his embraces, which in fome cold coun- 
tries laft above forty days, as Swammerdam 

. gbferved in Holland. It may alfo be en- 
quired, why thefe animals, during their a- 
mours, not only abftain from food, but dif- 
regard their own fafety, for at this time they 
will not make any efforts to avoid being 
taken. | 
I can affign no other caufe, but that phy- 

fical neceffity which compels the individuals: 
of different fexes to approach each other at 
‘this feafon. Under the dominion of this in- 
fluence, which, in thefe amphibious crea- 
tures, as in other animals, is probably more 
ftrongly felt. by the male than the female, 
they go in queft of each other and copulate. 
The copulation muft laft till their mutual 
neceffities are fatisfied; this neceflity, in the 
female, confifts in the expulfion of the fe- 

- tufes, and in the male, in the emiffion of fe- 
men; for the amorous impetus is occafioned 
and exalted by this fluid, with which the 
{permatic veffels are gradually filled during 
Chee embraces. Their pertinacity may have, 
indeed another origin; they may fear, left if’ 
they fhould quit their female, fhe fhould be 
‘occupied by another male; we know that 

| Fa , animals 
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animals are not exempt from jealoufy ; and I 
have had occafion to remark, that it is partie 
cularly vehement in thofe of which we are 
fpeaking. ‘Their amorous ardour, which, at 
this feafon, feems to be their only feeling, 
may render them infenfible to the call of 
hunger and to danger. The long adhefion 
of the male to the female, and the negle& of 
themfelves, is not peculiar to frogs and toads, 
but extends to various other animals, as we 
every day obferve in infects, and in fome ani- 
mals of confiderable fize; as in the turtle, of 
which naturalifts have obferved, that the 
male and female continue. attached to each 
other for feveral days; and in this fituation, 
the fifhermen eafily take them together. | 
XCIX. VI. This blind ardour of the male, 

has furnifhed me with an opportunity of at- . 
tempting fome uncommon experiments, with 
an account of which, I hope my readers will 

«not be difpleafed. In paragraph XLI it is 
faid, that if a couple of the fpecies of toad 
with red eyes and dorfal tubercles, happened 
to efcape out of my veffels, when coupled, 
the male did not quit the female, notwith- 
ftanding fhe got to dry ground. I was fur- 
ther defirous of knowing, whether a fepara- 
tion would take place in confequence of vio- 
lence. I therefore fufpended a male, by a 
thread tied°to one of his hind feet, for a quar- 
ter of an hour; he would not,-however, loofe 
his hold, notwithftanding the long continu=" 
ance of this violent attitude, and the weight 
of the female, which was fo much larger than 
himfelf. I next pricked him with a needle © 
in; the hind legs, the thighs, the back, fides 
and head, till the blood iffued out at every 

GE ect tL IT I Ph: Ae i puncture, 
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puncture. He would move and writhe, and 
ftretch out and contract’ his body, but did 
not quit his hold. afterwards cut the body 
in various parts with fciffars; but this expe- 
dient was {till ineffectual ; nor would he for- 
fake his fituation, when I cut away {mall 
pieces of flefh; I even amputated a thich 
without effect, and it was not till after thir- 
teen hours, that the male, after fo much tor- 
ture, parted from the female, and expired the 
fame inftant. MENTE ILA 

I put another male to this female, and as 
foon as he had clafped her clofely, cut off . 
both his thighs without caufing a feparation * 
and what is more furprizing, the female be- 
gan to difcharge the cords three hours after- 
wards, and the male, with his blood flowing 
all the. time, continue to impregnate them 
with femen, till the whole was difcharged, 
The impregnation was effectual, and, as. 
ufual, the greater part of the fetufes were 

VERRI Evert ania EA ry Ste ci | 
I feparated the male of another couple by. 

force, and then cut off his two thighs. He 
was left with the female, that it might be 
feen, whether he would refume his employ- 
ment; an event which actually took’ place, 
but he died before the exclufion of the cords. 
My laft experiment confifted in cutting off 

the fore-feet of a male, and putting him to | 
a female. Now the fore-feet enable the 
male to clafp the female fo clofely.. The 
fubje& of my experiment inftantly leaped 
upon her back, as if he had fuffered nothing, 
and maintained his pofition, embracing her 
with his bloody ftumps, till he had fprinkled 
the cords with feminal fluid. ci 5 
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€. I will not enter into the particulars. 
of other like experiments, that were made 
upon the fetid terreftrial toad and frogs. I 
will only obferve, that they coincided with 
thofe I have related: the amputation of the 
limbs neither preventing the embraces nor 
fecundation.. Nay, even the decapitation 
of a frog, did not prevent either the one or 
the other. It is well known, that thefe ani- 
mals are fo tenacious of life, that this opera- 
tion does not take it away immediately. 
‘That of which I.am fpeaking was thrown 
into convulfions, but neither the fore-feet 
nor legs quitted the breaft of the female, 
which brought forth her fetufes in an hour 
and ‘three quarters, and I was an eye-witnefs 
of the male’s befprinkling them with femen; 
that they were fecundated, there can be no. . 
doubt, fince they came to life at the ufual 
time. As foon as he performed this opera-: 
tion, he deferted his fituation, and died four 
hours afterwards. 

The toad ‘mentioned in paragraph XCIII, 
was alfo the vi@im of an experiment of the 
fame fort. In Auguit 1779, at Genthod, the 
delightful villa of Mr. Bonnet, I cut off both 
the thighs of a male of that fpecies, while it 
was-embracing the female; but without ef- 
fecting a feparation, which did not take place 
till many hours afterwards, a little before the 
death of the animal, Befides Mr. Bonnet, 
Mr. John Trembley was prefent at this ex- 

_periment. I was afked, whether this perti-. 
nacity of the male was the effect of ftupidity, 
infenfibility, or amorous ardour. ‘Though 
this appeared to be one of thofe queftions, of 
which the determination requires, that one 

fhould 
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fhould enter into an animal without at the 
fame time becoming one; yet I hefitated not 
to fay, that Ltliought, as I now do, that this 
perfeverance was lefs the effect of obtufenefs 
of feeling, than vehemence of paffion, which, 
as we have feen, renders them infenfibleto 
the call of hunger, and carelefs of their fafety 
(XCVIII). Such a degree of ftupidity can-. 
not, I think, confift with the great irritability 
of thefe animals, and the figns they fhew of 
keen feelings, whenever they are wounded, | 
or have their limbs: cut off during their 
amours. } ; si 

CI: VII. Swammerdam, in his account of 
the generation of frogs, fuppofes, that the 
eggs do not immediately pafs from the ovaria 
into the ovidu&s, but that they pafs firft 
through the abdomen. He refts his opinion 
upon the inftance of a frog, in which he 
found the eggs partly in the ovaria, and. 
partly in the abdomen, befides thofe which 
were already in the ovidu&s and uterus. 
Roefel, {peaking of the dark-brown terref- 
trial frog, ays, that he has found many 
eggs in the abdomen, without, however, 
adopting or rejecting the opinion of Swam- 
merdam. Of thefe eggs, or more properly, 
of thefe tadpoles, lying loofe in the-cavity of 
the abdomen, I have already fpoken(LXVII); 
but if I may confefs what I think, I have no 
inclination to accede to the opinion of the 
Dutch naturalift. I fhould imagine, that if 
the fetufes were to pafs through the cavity of 
the abdomen before they entered the oviducts, 

‘ they would frequently be found there. in fe- 
males during copulation, fince they are fo 
often found in the oviducts and uterus. sa 

i the 
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the contrary is true. I wifh to avoid the 
charge of oftentation, when I obferve, that 
having kept an account of the number of. 
frogs and toads, which I have opened at the 

. 

time of their amours, for this and the fol- 
lowing diflertation, I find that it amounts to 
2027; nor did I ever find the fetufes. in. the 
cavity of the abdomen, except on three oc- 
cafions, of which two are mentioned in pa- 
ragragh LXVH, and the other.in CXXII. 
Iam much more difpofed to believe, that fe- 
tufes pafs immediately from the ovaria to the 
oviducts. Hence I think, that if ever they 
get into the cavity of the abdomen or thorax, 
it proceeds from their never having got into 
the oviducts, or from fome laceration, as is 
intimated in paragraph LX VII.. Let the im- 
artial reader determine, 
CII. VIII. The fetuîss; after having, tra- 

verfed the long and tortuous canal of the ovi- 
ducts, are all collected in the uteràs, whence 
they pafs into the rectum, and then out at 
the vent. The difcharge, in one fpeciés of . 
toad, is aided by the male. | Placed as ufual 
upon the back of the female, and clafping 
her with his fore-feet, he waits impatiently 
for the expulfion of the cord (in this fpecies 
there is only one cord); at the inftant of its 
appearance, he lays hold of the end with his 
toes, and draws out a piece of the cord; this 

‘ manceuvre is repeated till the whole cord is 
extracted. So intent is the male upon his 
employment, that he may be taken and placed 
upon the hand. And though this may caufe 
fome interruption, yet he will foon refume 
his tafk with equal ardour. ‘This informa- 
tion is owing to a cafual obfervation of Mr. 
. LEA RA de DI nae Demours, 
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Demours, on the fmall fpecies of terreftrial 
toad, as he denominates the animal, ‘he faw 
nothing from which he could colle&, that 
the male bedews the eggs with femen, while 
he is employed in extracting them (a). 

It is to be lamented, that the French ob- 
ferver did not particularly defcribe the fpecies. 
It is certainly different from either of thofe; 
of which I have treated ; fince could never 
obferve, that the male affifted in bringing 
forth the young, while it was eafy to fee, 
that he bedewed them with femen. Roefel, 
who mentions this fact incidentally, adds, 
that he never obferved any appearance that 
could be compated with it: it might like- 
wife have been expected, from the accuracy 
of the obferver, that he fhould have taken no- 
tice whether theeggs were productive, fince we 
might have hence collected, whether they 
are impregnated within the body of the fe- 
male. It were alfo to be wifhed, that fo in- 
terefting an obfervation fhould have been re- 
peated.” In fhort, the fact being folitary, 
and happening unexpe&edly, fhould have 
been confirmed, and the narration ought ra- 
ther to awaken’ than fatisfy the curiolity of 
the philofopher. | 
CITI IX. Daily experience fhews, that in 
an immenfe number of animals, fecundation 
takes place within the body of the female. 
It might perhaps be thought, that we are 
warranted to conclude, from analogy, that 
this is an univerfal law of Nature. And it 
has accordingly been admitted as fuch by 

| (a) The reader will find this very curious obfervation: 
related at full length in the Appendix, T. 

vulgar 
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vulgar reafoners. But as on many other oc+ 
cafions, when the law was fuppofed to admit 
no exception, fo on this, analogical argu- 
ments have been found to difagree with ex- 
periment. Swammerdam firft fhewed, that 
impregnation is effected without the body of 
the female in one fpecies of frog; and Roefel 
extended this difcovery to another amphibi- 
ous animal of a fimilar kind. I have had the 
fatisfaction to difcover this external fecunda- 
tion in other fpecies of frogs and toads, and 
have, moreover, clearly beheld the fecundat- 
ing liquid iffuing from the male, and falling 
on the fetufes, after they were expelled from 
re uterus of the female (Chap. I, II, III, 
NL 4 
CIV. But we know, that befides the fpe- ‘ 

cies, in which it has been found that im- 
pregnation is external, there are many others — 
included under the genus of frogs, as well 
as that of toads, both European and foreign. 
We fhall be convinced of this, by opening 
any modern nomenclator, as Linnaus for 
inftance.. What then are we to conclude, 
concerning the mode of fecundation in them? 
From thefe conjectures we. may be willing 
to believe, that it is the fame in the fpecies 
that have not been examined: But we can- 
not be certain without experiments. Among 
thofe, which in this refpe& require to be 
examined by the naturaliit, the ASA toad 
of Surinam, denominated by the natives 
Pipa or Pipal (a), fo remarkable for its pro- 

f 

(a) Pipa (Rana) Digitis anticis muticis quadridentatis, 
polticis unguiculatis. Linn. S. N. T. 1. 

perty. 
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i of bringing forth the young at the 

ack, would, in my opinion, deferve the 
preference. | 
| The celebrated Merian, who, with courage 
truly heroic, went from Holland to America, 
towards the clofe of the laft century, to ob- 
ferve the infe&s of that unwholefome climate, 
firft made us acquainted with this animal. 
It was afterwards examined by the acuteft 
naturalifts, by Ruyfch, Folkes, and Baker, 
and found exactly to agree with the deferip- 
tion left by that illuftrious lady. lis back 
has cavities or cells, each containing a young 
toad. I had myfelf the fatisfaGion of feeing 
this rare and indeed fingular phenomenon, in 
the public inftitute of Bologna, and to ftill 
greater advantage laft year at Geneva, in 
company with my refpectable friends Bon- 
net, Senebier, Abraham and John Trembley. 
Nay, the pofleflor, who had many years 
kept it in fpirits of wine, obligingly aftforded 
Mr. Bonnet and myfelf an opportunity of 
making a number of obfervations upon it; 
and above all, to examine at leifure the dorfal 
cells, which were very numerous, and of 
which each contained a fetus. Thefe obfer- 
vations, together with others, which my il- 
luftrious colleague made after my departure 
from Geneva, may be found in a Memoir 
printed in Rozier's Journal, which at once 
fhews the learning and good fenfe of the au- 
thor, as well as his impartiality with refpect 
to his own opinions. Having denied, in his 
Corps organisès, the exiftence of the cells, on 
the authority of a celebrated profeffor at 
Leyden (a), Lia not only confeffes in the Me- 

(2) Mr. Allamand, 
5 moir, 
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moir, they are not to be found, but deferibeè 
them in a manner fo particular, as to remove 
all doubts concerning their exiftence. He 
concludes with’ propofing feveral queftions, 
calculated to illuftrate the natural hiftory of 
this wonderful native of Surinam, which is 
yet dark and imperfect. It is eafy to fups 
pofe, that the Genevefe philofopher would 
not overlook what relates to the manner of 
impregnation. But we cannot hope for the 
folution of this, any more than. the other 
queftions, except upon the fpot where the 
pipa lives, and propagates its {pecies, if we 
cannot naturalize it, as Vallifneri naturalized 
the cameleon of Africa, | 

But befides frogs and toads, it is fuppofed, 
that fecundation is external in fcaly fifhes. 
When the female has laid her eggs, the male 
is faid to go in queft of them, and fprinkle 
them with femen. There is then no real 
copulation between thefe animals, though the 
male approaches the female at the feafon of 
their amours, and is fometimes feen to rub 
his belly againft that of his mate; this aps 
pearance takes place, becaufe the male im- 
pregnates the eggs at the inftant they fall 
from the female. This is the opinion of © 
Buffon (a); and the manner in which he de- 
livers it, would lead us to fufpe&, that he - 
had the moft certain proofs of it, though he 
has in truth no better foundation for it, than. 
the notion which was generally prevalent till 
the time of Swammerdam (4), that the cea 
‘taceous clafs impregnates the eggs without 
copulation. ‘This notion was not, I think, 

(a) Nat. Hift. T. 2. p. 313. (6) Bibl. Nat. 

, fupported 
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{upported by any obfervaticn upon which re- 
liance could be placed. Hence it.is no won- 
der that other naturalifts, and among the reft 
the ‘illuftrious Haller, fhould incline to be- 
lieve, that fithes really copulate for feveral 
reafons, which cannot properly be recited 
here, but may be feen:in his great. work. 
‘Though thefe reafons have far greater weight 
than the bare affertion of Buffon, yet I can- 
not think them decifive, as they are deftitute 
of facts, by which alone the problem. can be 
diffolved. 

‘The mode of fecundationinfifhes isveryex- 
traordinary, according to Linneus; he fup- 
pofes, that the female purfues themale while he 
is emitting the femen,and devours it, and thus 
isimpregnated (a). In the time of Vallifneri, 
there lived at Rome a phyfician, who taught 
that pigeons, fparrows, and many other 
animals, were fecundated by the mouth (4). 

. Both thefe opinions are palpably falfe. | Fe- 
male fifhes: have, indeed, been obferved to 
{wallow the femen; not becaufe it then ferves 
to impregnate them, but fimply for food. 
The male devours it with. equal greedinefs 
for the fame reafon. The fame obfervations 
are applicable to the eggs. | 

. CV. Hence it appears, that we know not 
certainly the mode of fecundation in fithes. 
The element they inhabit, is fo much more dif- 
ficult of accefs than the land and air, that we 
cannot wonder the natural hiftory of fifhes 
is fo little advanced. Having often meditated 
upon this fubje&, which is, yet.among the 
myfteries of nature, I have been ftruck by a 

_ (a) Sponf. Plant, (4) Vallifa. op. in fogl. T. 3. 
“Vo. IL G thought, 
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thought, which my other occupations have 
not yet permitted me to bring to the teft of 
experiment. I willingly lay it before my 
readers. The golden fifhes of China (a) are 
now very common. Italy in particular a- 
bounds with them, there being fcarce a pond 
that is not fupplied with them. The beauty 
of their colours induces many to keep them 
in veffels in their apartments. ‘The amours 
of thefe fifhes happen feveral times. a year, 
and as they have little timidity, they do not 
defift from their employment when the ob- 
ferver ftands clofe to them. The reader is by 
this time in poffeffion of my ideas. Let thefe 
fifhes be carefully watched when they are 
propagating their fpecies, and we fhall foon 
know, whether. they really. copulate, or 
whether the male darts his femen upon the 
eges after they are difcharged, or, in fhort, 
whether fecundation takes place in any other 
way. If it is external, the afperfion of the 
femen'cannot efcape the attentive obferver, as 
it is of a turbid colour. I will not ftay to 
point out the means of afcertaining whether 
the eggs are fecundated, and in what man- 
ner, asthe reader may gather them from the 
preceding obfervations on the generation of 
amphibious animals. opm 

| CVI Recent obfervations feem to have. 
eftablifhed the certainty of external fecunda- 
tion in bees If the ingenious obfervations (4) 
of Mr. Debraw may be relied upon, the eggs 
of this induftrious infect are impregnated af- 

(a) Cyprinus auratus, pinna adi gemina cauda tranf- 
verfa' bifurca. Linn, SEN. T.r. 

(2) Philofoph. Tranf, Vol. LXXII. 

ter 
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ter the queen has difcharged them. She, as 
it is well known, depofits them in the cells, 
The Englith naturalift obferved, that when 
they are accompanied with a whitifh liquor, 
which the male voids from the pofterior part 
of his body, they never fail to be produttive; 
but when this liquor is not prefent, they are 
fure to perifh. The author kept an hive 
without drones, ‘The queen laid her eggs, 

as ufual, but as they were not impregnated 
with the white liquor of the male, they pro- 
duced no young. | 

The experiment was varied in the follow- 
ing manner. . An unimpregnated hive was 
divided into two parts, of which one was fet 
under a glafs-bell; in this was a queen, to- 
gether with working bees, but without 
males, the eggs were not productive; but the 

_ contrary happened in the other part of the 
hive, which was likewife fet under a glafs- 
bell, and contained, befide a queen and 
common bees, a quantity of males. And the 
eggs were impregnated by the white liquor 
which the males void in the cells containing. 
eggs. The diffection undertaken by the 
Englifh obferver proves, that this liquor is 
the true femen ; for he found it in thofe vef+ 
fels'of the male, which are univerfally fup- 
pofed to be appropriated to the reception of 
the feminal fluid, — | | 
From this it appears, that the two natural- 

ifs, who have written fo well concerning 
bees, have fallen into error, Swammerdam 
thinks, that exhalations from the males are 
abforbed by the female, and ferve to fecun- 
date the ‘eggs; ‘while Reaumur has been led 
by deceitful appearances to fuppofe, that thefe 

A 33-4 eked ois Ca wT infects 
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infects perpetuate their kind by real copula- 
tion. Moreover, the fufpicion entertained 
by the celebrated Maraldi, is completely ve- 
rified; this writer, in his obfervations on 
bees, conjectures, that the eggs are impreg- 
nated after they are laid, by tne whitifh mat- 
ter above defcribed; he, however, was not 
diligent to enquire further. 
From what has been faid on external fe- 

cundation, it appears, that the number of 
animals, in which we are certain that this 
mode takes place, is very inconfiderable. We 
may prefume, that the induftry of obfervers 
will increafe it, for many other difcoveries 
have been extended to a multitude of fub- 
jects, though they at firft feemed to be con- 
fined to a fingle fpecies. | 

CVII. X. Fecundation in newts is ac- 
companied with circumftances, that are not 
common to other animals, and deferve to be 
confidered. The fetufes (for the elongated 
bodies, fuppofed to.be, eggs are only young 
newts not yet unfolded LXX XVII), are im- 
pregnated within the body of the female. 
But the male does not introduce into her any 
part that characterizes the fex, for, in truth, he 

as not any fuch part; he only darts his fe- 
men into the water; the femen gets into the 

- anus of the female prepared to receive it, and 
thus fhe is fecundated. And here occurs 
another fingularity that deferves to be no+ 
ticed. According to the general opinion of 
the“ beft anatomifts and phyfiologifts, the 
ovaria are the feat of fecundation; but this 
cannot be the cafein the newt. ‘When the fe- 
minal fluid gets to the inferior orifice of the 
ovidu&s, it cannot poffibly pafs any ta a 

: | or 
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is alfo well known. It has been ably refuted 
by the great Haller, not only in his phyfio- 
logy, but alfo ina feparate publication, en- 
tituled Reflections on the Syfiem of Generation 
of Mr. Buffon. ‘The arguments adduced by 
Mr. Bonnet inhis Corps organifés, are not le{s 
cogent. -Obferving, however, that the ob- 
yections of both Haller and Bonnet, though . 
of great moment, are not direct, fince thefe 
writers have not enquited into the exiftente 
of the organic molecules, which -conftitute 
the bafe of Mr. Buffon’s edifice, I conceived 
it neceflary to enter into an examination of 
them, and have found that this fyftem, like 
all his other favourite hypothefes, is the pro- 
duct of his fervid fancy, which fo reprefents 
fhadows, as to make them appear like realities 
to thofe, who have not a confiderable fhare 
of difcernment. I flatter myfelf, that my 
Effays (a) prove the truth of my affertions. 
‘The preceding obfervations on amphibious 
animals, furnifh another irrefragable argu- 
ment againft the French naturalift. - He 
thinks that the fetus does not exift before fe- 
cundation, but is formed during this a&, for 
then the organic molecules, which are, ac- 
cording to him, the effence of the femen of 
the male and female, meet and combine in 
the uterus, and by virtue of certain relations, 
are modelled into an organized body. But 
my obfervations on frogs, toads, and newts, 
are diametrically repugnant to this imaginary 
theory. ' They prove, that the fetus exifts in 
the female long before impregnation (XVIII, 

(a) Opufcoli di fifica animale e vegetabile. Modena 
1773» i 

XIX, 
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XCI). Now this is probably the cafe in 
other animals. My experiments,’ indeed, 
were all made upon animals of cold blood; 
and this circumitance may afford room to 
doubt, whether the conclufion is to be ex- 
tended to thofe of warm temperature. But 
all fufpicion muft be removed, now the fame 
obfervations have been made upon this clafs. 
I allude to this luminous difcovery of Haller, 
who has fhewn, that in birds the youngexifts 
in the female before fecundation; butas this 
difcovery is very generally known, it will be 
unneceflary to relate it here. As then we 
have, both in the clafs of cold and that of 
hot animals, inftances of the pre-exiftence 
of the fetus, I can fee no reafon, why we 
fhould not apply the obfervation to the reft. 
We have at leait, till the contrary fhall be 
proved, good grounds for believing that this 
is the cafe. | | oh 

\ CIX. But thefe obfervations lead to other 
confequences. I have remarked, that thofe 
who admit the pre-exiftence of the fetus, are 
divided into two parties, of which one be- 
lieves, that they lie in the female, the other 
in the male (CVIII). According to the latter, 
the fetufes are the worms that float in the fe- 
men, and pafs, during coition, from the 
male into the female. But the falfity of this 
opinion is now obvious. In paragraph VIII. 
I obferved, that after the Bars corpufcles, 
or the mature fetufes of the green aquatic 
frog, have defcended into the uterus, the — 
ovaria contain others of a fmaller fize, which 
ferve the year following to continue the 
fpecies, The like remark was made (LXVI 

| G4 and 
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and LXXXV), concerning the fetid terref- 
trial. toad and water-newt. I may now add, 
that I have difcovered the fame thing in the 
other amphibious animals mentioned in this 
work; fo that we may fafely fay, that the 
little fetufes are to be found in the‘ovaria, at 
leaft a year. before thefe animals feek each 
other for the purpofe of generation: they do 
not, therefore, pafs from the male to the fe- 
male during the act of fecundation. oie 
. Here it is proper. to anfwer a queftion that 
may be afked. It appears from. the obferva- 
tions of naturalitts, that thefe feveral {pecies 
of, amphibious animals begin..to propagate 

-the fecond year. And it.1s, probable, that 
they continue to do this as long as they live; 
that is to fay,. for ‘a confiderable feries of 
years ; we have at leaft Roefel’s authority, for 
believing that frogs live ten years or Ioni 
ger (a); and it ftems likely, that toads come 

«near ‘them.in ‘this refpect. Let it. then.be 
fuppofed that they propagate for. nine years. 
ho MG will exclude nine fucceffions of 
fetufes. If we examine the females during 
the firft year of their growth, we fhall not 
find any fetufes in the ovaria? We are not 
able to diftinguifh any before the fecond 
year, when two fets appear, viz. the mature 
ones, thofe which are to be brought forth 
that year, and the immature ones, which will 
be produced the fucceeding year. » That year 
the third fucceffion of fetufes becomes vifible; 
(a) If any conclufion may be deduced from the cu- 
rious account of a toad in the Appendix to the Britifh 
Zoology, the term here affigned is too fhort. The in- 
dividual there defcribed is faid, if I remember right, to 
have lived at leaft thirty-fix years) Te. 000 
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and the fourth year the. fourth. fucceffion ; 
and in this manner one fucceflion only every 
year. Now it may be aiked, whether: thefe 
orders of fetufes, which fucceflively appear in 
the ovaria, pre-exifted in them without being 

. vifible; fo that they are only evolved, and 
rendered confpicuous by time, or rather whe- 
ther they are formed in fucceflion, a new or- 
der being annually generated. 

I fhould reply without hefitation, that as 
it is by no means proved, notwithftanding 
the efforts of the modern favourers of Epi- 
genefis, that any fuch formation of organic 
bodies takes place, either in the animal or 
vegetable kingdom, andasall Natureabounds 
with|fuchevolutions,according totheaccounts 
of the moft judicious philofophers of this 
age, it is natural to fuppofe; that thefe orders 
of fetufes, which annually make their ap- 
pearance in the ovaria, are not fucceffively 
generated, but co-exifted with thefemale, and 
are only unfolded, and rendered vifible in 
progrefs of time, by the fupplies of nutri- 
tive liquor that come from the female. This 
co-exiftence of fucceflive orders of fetufes, 
which become vifible in the ovaria, is ana- 
logous to that which takes place in the limbs. 
Tadpoles have at firft no legs... Thefe parts 
appear only when they are about to aflume 
ceh characterize the fpecies. 
Shall we therefore conclude, that they do 
not exit at firft, but are generated when the 
tadpoles approach their metamorphofis? Is it 
not infinitely more philofophical to fuppofe, 
that the limbs co-exift with the tadpoles, 
and are invifible, only becaufe they are too 
{mall to ftrike the fenfes ? And if it is igri Mati se o ri 
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able. to adopt this opinion concerning the 
limbs, fhall we not alfo admit it with refpe& 
to the fetufes of thefe animals? 

CX. XII. If I pafled over in filence the 
fingular, and I think, hew opinion of Mr. 
Gautier, concerning the generation of frogs, 
I fhould deviate from the fincerity which 
every philofopher ought to practife. In a 
publication entituled, O4/ervations fur 1 hif- 
forie naturelle, fur la phyfque, &c. after 
{peaking of fome fmall worms, which he 
found in a veficle in the cavity of the 
abdomen of the male, he adds, that they are 
the real efficient caufe of generation. I mutt 
quote his own expreflions: La grenouille 
male montée & fortement attachée fur la fe- 
melle attend les inftans que les oeufs s’ecou- 
lent de la femelle: il jette alors fes embrions 
tels que je les aiappercus, ils s'attachent aux 
oeufs, & s’en nourriffent pendant quelques 
jours, jufqu’ a ce qu’ ils foient èn etat de fe 
nourrir d’alimens plus grofliers. Ces em- 
brions confervent la méme figure  qu’ils 
avoient dans la veficule du pere, pendant l’ef- 
pace d’ environ un mois, temps au quel ils 
quittent cettent figure, comme font les vers 
a foyé dans lecocon. Ils developpent leurs 
pattes pofterieurs qu'ils ecartent enfin: ce 
font ces pattes qui unies dans l’embryon, for- 
ment la queue du tétard embryon de la gre- 
nouille. 

_ As the book was publifhed in 1752, I have 
had fufficient time to examine the difcovery. 
My firft ftep was to feek for the bladder con- 
taining the worms in the abdomen of the 

‘ male. It was eafily found, being no other 
than the urinary bladder, as may indeed be 

| | collected 
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collected from the defcription of the author; 
in this I moreover found the worms; they 
are about the thicknefs of a thread, of a yel- 
lowifh white colour, without rings, a line 
and a half in length; they are almoft perpe- 
tually in motion, and have one extremity at- 
tached to the infide of the bladder. So far I 
agree with Mr. Gautier; but I cannot, 
with him, confider the worms as the fetufes 
of the frog, for the following reafons, which 
I think decifive. They are likewife to be 
found in the bladder of the female, whereas 
they ought to exift only in the male, if they 
were what the French naturalift fuppofes 
them to be. Secondly, I have opened an im- 
menfe number of frogs during the time of 
copulation, but have by no means found thefe 
worms in all of them. Thirdly, They never 
exceed twenty in number, whereas the fe-. 
tufes, from my obférvations atid thofe of 

. Swammerdam, appear to amount to about a 
thoufand in every female. Fourthly, After 
fecundation the male ought not to contain 
any; but I have found that the number is hot 
leffened, Fifthly, As thefe worms adhere 
to the fuppofed eggs, and feed upon them 
for feveral days, I muft have alfo feen them, 
efpecially as they are vifible to the naked eye. 

can, however, truly affert, that notwith- 
ftanding all my attention in examining the 
eggs, both externally and internally, I never 
could perceive any veftige of them. I fhall 
deduce a fixth argument from the artificial 
fecundation fpoken of in the next differta- 
tion; which confifts in touching the fetufes 
extracted from the females with the femen of 
the male, though that fluid fometimes ap- 

peared 
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peared deftitute of living inhabitants, even. 
when examined by the microfcope. Thefe 
reafons oblige me to reject the pretended, dif- 
covery of Mr. Gautier. [will not pronounce 
it to be a mere nction: I will rather fuppofe, 
that. fome fallacious appearance has mifled. 
him, in confequence of his inexperience in, 
obferving frogs, and his ignorance concern- 
ing their internal ftru@ure, ‘though it is ex- 
ceedingly, obvious. (That-this is the cafe 
every. naturalift will perceive, from the paf- 
fage in which Mr. Gautier affirms, that, the, 
hind legs of the tadpole, by their union, form. 
the tail of this animal. Rae al ia eg 

Baia che avanza in ver. quante novelle 
Quante mai difler favole o carote © 
Stando al foco a filar le Vecchierelle. 

Thofe who fhall have the curiofity. to read 
his book, will learn, that the female frog 
has.no uterus, that the tongue is fixed to the 
‘anterior margin of the palate, that the kid- 
neys of the frogs are alfo the tefticles, &c. 
It is not, therefore, matter of furprize, that 
Roefel fhould treat him with ridicule, and 
conclude, non folum itaque afferere audeo pa- 
rum in anatomia Ranarum profecifie Gautie- 
rium, fed addere etiam non ambigo, ipfas 
ranas eundem. vix habere cognitas. And 
as the Parifian naturalift, in the relation 
of his difcovery, modeftiy obferves, that if, 
Pythagoras had made one equal to his, he 
would have facrificed another hecatomb. to 
the Gods. ‘The German obferver retorts ; 
Ego vero crediderim, fi fieri poilet ut Gau- 
ticrius Pythagore que invencrit, RATTAN 

AUILC 
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hunc ipfi non filentium biennii vel quin- 
uennii, quod difcipulis fuis imponere folebat, 

fea perpetuum efle injuncturum. 

rapina dp. VII. 

EXAMINATION OF SOME RECENT OBJEC- 
TIONS MADE AGAINST THE SYSTEM OF 
‘THE PRE-EXISTENCE OF THE GERM IN 

| THE FEMALE. 

CXILF NR. Pirri, a celebrated phyfician 
fl and. philofpher.at Rome, is the 

author of -thefe objections. To a fenfible 
work on the theory of putrefaGion, wherein 

~ he declares in favour of the Count de Buffon’s 
fyftem of generation, he has prefixed. fome , 
reflections concerning the reproduCtion .of ‘ 
organic bodies, in which he.attempts to 
overturn. the principal arguments of thofe 
who adopt the hypothefis of, pre-exiftence of 
germs. In the firft place he quotes and at- 
‘tacks two difcoveries, one made by Haller on 
the chicken (CVIII), the other by meon frogs, 
and mentioned in my Profpectus. Let us 
beftow a little, attention on both, :and- begin 
with that which .belongs to'me. ‘‘ ‘The 
learned Abbé Spallanzani, a. name'-now-{o 
dear to his country, fays he p. 7, has related 
another fact not lefs interefting than thofe al- 
ready mentioned, nor in appearance’ lefs fa- 
vourable to the doctrine of Palingenefis, di 

3 tae 
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the pre-exiftence of germs in the eggs of the 
female, and by which the importance of the. 
function of the male is very much leffened, 
He watched the inftant when the eggs are 
extracted and fecundated by the male. Du- 
ring this operation he killed the female, and 
by the aid of the microfcope, that inftrument 
which has fo often impofed both on our 
fenfes and underftanding, he found, that both 
the impregnated and the unimpregnated eggs, 
which lay in the uterus, contained a tadpole 
bent in fuch a manner, that the tail was con- 
tiguous to the head. The young animal was 
diftinguifhed by its black colour. In the 
impregnated eggs it was alive and in motion, 
but in the others it lay in a profound le- 
thargy.” It was proper to tranitcribe the ex- 
preflions of Dr. A) as they by no means 
agree with my relation of the difcovery in 
the ProfpeGus, The reader muft allow me 
to quote my own words. After remarking, 
that the impregnated and unimpregnated eggs 
of the frog are perfectly alike, and that the 
latter are not productive, Tadd, p. 51, ** but 
this is far from being the cafe with the for- 
mer. They lofe their round fhape, and elon- 
gate without fenfibly increafing in bulk, 
though they afterwards manifeftly grow, 
The furface of the whitifh hemifphere turns 
darker, and upon the black hemifphere ap- 
pears a longitudinal furrow, terminated by 
two procefies, which become gradually longa 
er, and take the direction of the long diame- 
ter of the egg. The furrow and proceffes 
grow, and in time nearly burft out from the 
fide of the egg, which yet retains the fhape 
of an oblong globule, with a prominence on 

4. | | VHS 
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one fide. Meanwhile the whitifh hemifphere 
dilates, and the black one is incurvated, while 
the prominence increafes in length, and it 
now appears, though this is ftill more dif- 
tinaly feen afterwards, to be the tail of the 
tadpole: the curvature on the black hemi- 
{phere is difcovered to be the back, and the 
dilatation on the oppofite fide the belly. The 
other extremity now takes on the figure of 
the head; in the anterior part the veltige of — 
the eyes, which are yet clofed, becomes con- 
fpicuous: the two proceffes, by which the 
animal adheres to bodies, however fmooth, 
come in fight, as well as the rudiment of the 
aperture of the mouth; and laftly the gills, 
hrdueh which the blood may be fcen to cir- 
culate. 
The animal does not yet fhew any figns of 

life or motion, when it is pricked with a 
needle, or fuddenly expofed to the rays of 
the fun, even when collected into a focus, 
though it is afterwards fenfible of thefe im- 
CIOL Venchi | 

Such are the phenomena which gradually 
appear in fecundated eggs, whence it is evi- 
dent, that thefe bodies are not, as it has been 
generally fuppofed, eggs, but the tadpoles 
themfelves concentrated and folded up. 

It is therefore clearly proved, that the tad- 
poles exift before fecundation; but this in- 
terefting truth may be more fully fhewed 
thus: the fecundated eggs differ not in any 
refpect from thofe which have not been fe- 
cundated, but the former are the tadpoles 
concentrated and folded up, the latter muft 
therefore be the fame; wherefore the fetufes 
of frogs exift before fecundation, and to be 

} evolved, 
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evolved, want only the fecundating fluid of 
. the male? sv 

Upon. comparing this paflage with the 
quotation of Dr. Pirri, it is eafy to perceive, 
that at the time of writing, he had not the 
Profpectus before him. Firft he advances 
what is not true, when he afferts, that I made 
ufe of the microfcope, ‘ that inffrument 
which has fo often Ma both our fenfes and 
underftanding; except in the paflage where I 
fay, that I examined the infide ofthe egg 
with the ‘microfcope, I never fpeak .of it, 
having had indeed‘ no occafion to make ufe of 
it; for the eggs are fo large, as to be capable 
of being examined fufficiently by the naked 
eye. -If even [had been obliged to have re- 
courfe to this inftrument, I hope I fhould not 
have incurred the danger which the learned 
phyfician mentions. The microfcope has, in- 
deed, fometimes been the fourceof.error, either 
when it was ill conftru&ed, or in the hands 
of unexperienced perfons. But it has, never- 
thelefs, when thefe inconveniencies have not 
been prefent, enriched, and every day enriches 
natural hiftory with the. mo‘t important dif- 
coveries. Whoever, indeed, fhall queftion 
this, will rif{que the imputation of being fup- 
pofed deficient in common fenfe. ) 

Setondly Dr. Pirri fays, that I found both 
the impregnated and unimpregnated eggs to 
contain tadpoles. Thefe words fuggeft an 
idea ‘very different from that which I have 
expreffed. I do not fay, that I have found 
the tadpole to exift as well in the latter as the 
former egg, but that both are nothing but tad- 
poles. “Fhe’expreflion of Dr. Pirri fuppoies 

7 the 
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the exiftence of eggs, whereas mine entirely 
excludes them. . ) 

Thirdly, The tadpole was, according to 
the objector, fo bent, that its tail was con- 
tiguous to the head, and it was diftinguifh- 
able by its dark colour. 

In my Profpectus I do not fay that the colour 
is entirely black, but that one hemifphere of 
the tadpole, while it retains its round fhape 
is black, and the other of a dirty white, 
With refpect to the pofition of the tail, the 
author is far lefs accurate ; for I never dreamed 
of aflerting, that the tail is bent towards the 
head, but that it appears like a prominence 
or appendicula, and increafes in length as the 
tadpole grows. This is confined to the im- 
pregnated tadpoles; for the others have no 
tail, though Dr. Pirri would make the reader 
believe, that I attribute this part alfo to them. 

Fourthly, I found this difference, that in 
the impregnated eggs the tadpole was alive 
and in motion, whereas in the others, it was 
motionlefs, and in a profound lethargy. 

I fhall finifh thefe ftri&ures upon the ex- 
tract with obferving, that I never mentioned 
any profound lethargy in unimpregnated tad- 
poles; and fo far was I from fecing any mo». 
tion in the others at firft, that 1 exprefsly 
mention the contrary. Let the reader again. 
péerufe the quotation from. my Profpec- 
tus, and he will find that thefe ftrictures 
ate. just, | 

CXII. I fhall now examine the objections 
of Dr. Pirri. They may be reduced to two, 
of which the following is the firft. My 
difcovery of the pre-exiftence of the tadpole, 
refts upon an obfervation on which I full 
Vou. II, He ERA ey 
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confided, as it has the authority of Swammer-~ 
dam ; from whom we learn, that in frogs fe- 

_ cundation does not take place in the uterus, 
‘but without the body, fince the eggs are 
‘touched with the femen of the male, after 
they are difcharged. The Roman naturalift, 
relying upon the remarks of Roefel, fuggefts 
various doubts with refpe& to this obferva- 

‘tron. Hows Mays" he, can, we De Certain 
‘that the eggs of frogs are impregnated after 
they are laid, when Roefel himfelf confefles 
‘the uncertainty of this, having feen an in- 

| ftantancous conta&, which may afford room 
for fuppofing, that the femen was thrown in- 
to the uterus? (p.15.)” 
When I compofed my Profpectus, I was 

‘not unacquainted with the doubts of Roefel, 
‘but I was aware, that they did not deftroy 
the validity of the contrary obfervation, fince 
‘that is pofitive. Roefel himfelf was fenfible 
of this, and he does not, therefore, in fpeak- 
ing of this momentaneous conjunction, quef- 
tion the fact related by Swammerdam, a cir- 
cumftance which Dr. Pirri ought to have 
‘known. But further, he does not only not 
“queftion what Swammerdam teils,. but 
Itrongly confirms his obfervation in another 
paffage of his work, where he {peaks of the 
‘generation of the green frogs. He fays ex- 
‘prefly, that the male bedews the eggs with 
He femen, after they have been difcharged 
by the female. ‘* Simulac autem femella. 
ova fua per anum emittit, mafculus cadem 
fuo confpergit femine; id quod ipfe domi 
mez non folum vidi, fed iteratis etiam vifci- 
bus fieri non fine admiratione obfervavi (a). 

(a) Fit, Ranar. p- 56. 
Arg 



And to render this external fecundation {II 
inore evident, he reprefents the male mounted 
upon the female in their natural colours, the 
eggs as they are.difcharged, and the feminal 
fluid bedewing them; Fig. 2. Pl. 13. It 
might have been expected from the inge- 
nuoufnefs of my opponent, that he fhould 
not have fupprefied this important obferva= 
tion; or rather that he fhould have {pared his 
objections. If he entertained any doubts 
concerning the’ mode of generation in thefe 
animals, I hope they will be difpelled by the 
four firft chapters of this differtation: 
CXIH. In the fecond objection; I am acs 

cufed of a patalogifm in the relation of this 
difcovery. In fpeaking of the pre-exiftence 
of the tadpole, by the word tadpole I mean 
the embryo of the frog; or the frog ina very 
{mall ftate, difguifed under the appearance of 
the tadpole.. This offends Dr. Pirri, who 
confiders the frog and tadpole as two diftin& 
animals: He concludes, that ‘ to make ufe 
of this fa& as an unanfwerable argument a= 

-gainft the fyftem of Epigenefis, is a fallacy 
that has efcaped the penetration of the Abbé 
Spallanzani. It confifts in confounding the 
appearance of the tadpole with that which 
belongs to the frog; and falfely fuppofing, 
that the tadpole and frog are one and the 
fame animal.” | | 

I was indeed apprehenfive, onaccount of 
my confined talents, that my book on animal 
reproductions would contain miftakes, but 
not that to which my learned adverfary ob- 
jects. My confidence was grounded upon 
Swammerdam, Vallifneri, Roefel, and many 
other excellent writers, who all agree in con- 

| t 2 fidering 
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fidering the tadpole and frog as the fame ani- 
mal. We know that many. infects pafs 
through the three different ftates of worm, 
nymph, and winged animal: and thofe who 
are at all acquainted with natural hiftory 
know, that thefe different ftates do not con- 
ftitute three diftin& animals, but that the 
fame animal aflumes thefe various appear- 
ances; fo that the infect equipped with wings, 
exifted under the membranes of the worm 
and nymph, from which, when it is freed, 
it iffues forth in a ftate of complete evolu- 
tion. -Swammerdam obferves, that-what the 
nymph is to the winged infect, the tadpole is 
to the frog. For he found the frog in mi- 
niature under the difguife of the tadpole, and 
the. winged infect under the cover of the 
fiymph. | Both continue in this ftate only 
till they are arrived at a proper period or ftate 
of maturity, when they throw off their old 
habiliments, and aflume their proper form. 
From thefe obfervations I had reafon to con- 
elude, that the tadpole and frog are identical ; 
and this might have fufliced as a reply to the 
objections of Dr. Pirri: my fuppofition was 
moreover founded on certain obfervations, 
his was gratuitous. My efteem, however, 
for this phyfician, who is advantageoufly 
known by feveral other publications, and my 
defire to afcertdin, a fact of {fowereit-im= 
portance, induced me to undertake a more 
particular and exact enquiry into the identity 
of the tadpole and frog than that of Swam- 
merdam. To. prove this: completely, it is 
necefiary to fhew, that the internal ftructure 
ond organization of the parts of the tadpole 
continues the fame.in the frog. If we find 

| ae in 
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in each the fame fyftem of arteries, veins, 
nerves, and mufcles, if the heart, liver, 
lungs, and other vifcera be unaltered, if there 
be no difference in the organs of fenfe and 
the difpofition of the bones, there can re- 
main no doubt concerning the identity of the 
animals. 

CXIV. Soon after Dr. Pirri’s book came 
to my hands, in the {pring of 1777, a feafon 
very convenient for the purpofe, I began this 
enquiry upon the green aquatic frog, of which 
I treat in the firft chapter. ; To be as brief 
as poffible, I will only mention the bare re- 
fult, beginning as foon as the internal ftruc- 
ture of the tadpole can be examined, and end- 
ing at the time when it takes on the appear- 
ance of the frog. On the twenty-fixth day the 
inteftines are diftinguifhable, though the in- 
teguments of the abdomen, rolled up ina 
fpiral, and in the region of the thorax, the 

_.pulfation of the heart is perceptible. Upon 
opening thefe cavities, we find the mefentery 
refembling in thinnefs and tendernefs a 
fpider’s web; along it {mall red ftreaks 
wind, which, when viewed with the microf- 
cope, appear to be arteriesand veins. The 
kidneys, lungs, and liver are then very con- 
fpicuous; to the laft vifcus is appended the 
gall-bladder, full of a tranfparent liguor 

_- without any bitternefs. The heart is conical, 
and confifts of an auricle and ventricle; a 
little nearer the head lies the bulb of the 
aorta, which is divided into two branches 
that are implanted in the mufcles of the 

‘ breaft. The defcending aorta is alfo vifible, 
and the vena cava, together with the begin- 
Ning of their ramifications. The dorfal and 

se lumbar 
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lumber vertebre, as well as the cranium, 
have nothing of the confiftence of bone, and 
the brain is gelatinous, as are alfo the nerves; 
thofe arifing from dorfal vertebra are very 
diftinguifhable. The noftrils are open, and 
the iris is of a golden yellow colour, If we 
take the eye out of the orbit and open it, we 
fhall find the aqueons and vitreous humours, 
and the chryftalline lens, which has fome 
confiftence and is very tranfparent, The gills, - 
‘which in more advanced tadpoles, appear on 
the outfide of the body, are as yet lying un- 
der the integuments of the thorax. 

| On the thirty-fifth day the vifcera are the 
fame, but larger and more firm. The liquor 
of the gall-bladder 1s ftill tranfparent, but 
fomewhat bitter, The arteries and veins are 
of a deeper red, and by confequence more 
confpicuous, The cranium and vertebra 
begin to turn cartilaginous, and the brain, 
‘fpinal marrow, and nerves are not fo ge- 
latinous, pri 

On the forty-fixth day, thefe feveral parts 
are further unfolded and firmer, The bile is 
bitterer, and the rudiments of the hind legs 
begin to appear. Somewhat too of the fore 
legs may be difcerned, but they are as yet 
buried under the integuments of the thorax. 
~The fore legs do not appear till fifteen or 
‘twenty days del wards ; for the time varies 
in tadpoles that are brought- forth at once, 
fe other refpegts the ftructure continues the 
ame, | sil i 
Nor does it effentially vary during the fub- 

fequent days, when the legs being unfolded, 
and the tail growing fhorter, and being at 

7 | ; de : length 
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length obliterated, the tadpole puts on the 
form of the frog.. 

This happens about the eightieth day, 
when the old integuments come away. And 
now the animal becomes a true frog, differ~ 
ing from the adult only in fize. It does not, 
however, differ from the tadpole, but has 
the fame organs and vifcera, the fame fyftem- 
of arteries and veins and nerves, the fame 
conformation of bones, with numberlefs 
other parts which | fhall not defcribe, left 
the reader fhould find metedious. Thefe 
new obfervations confirm the identity be- 
tween the tadpole and frog; they demon- 
ftrate that Dr. Pirri, in combating this fup- 
pofition, has contended againft truth. If 
any remaining aftection for this harmlefs mif- 
take fhould fuggeft to him, that the gills 
and tail of the tadpole are not to be found in 
the frog, and that the frog has four legs, 
while the tadpole has at firft none, let him 

‘ recollect, that the chicken, at its firft ap- 
pearance within the egg, hes the fhape of a 

‘ worm with a large head and long ete that 
the- heart has afterwards the form of a half 
ring; thatincubation continues fome time be» 
fore the legs and wings {hoot, and that it lofes 
the umbilical cord when it breaks the egg (a). 
And. yet, notwithftanding, all-thefe appear- 
ances of metamorphofis, no one, J believe, 
has ever imagined the pullet in the egg, and 
the hen to be. different animals. And fo 
much. concerning Dr. -Pirris objections -ta 
what I have advanced, 

(a) Haller, Form. dy Poulet, | 

RM a etc, Coe 
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CXV. Let us proceed to that which he 
has brought againft the difcovery of Haller. 
Defirous of knowing the fentiments of this 
great phyfiologift, between whom and my- 
telf there had fubfifted a friendfhip of long 
continuance, I fent him Dr. Pirri’s book, 
but it came to his hands at a time when he 
was oppreffed with thofe maladies which 
were foon to deftroy him. Inftead, there- 
fore, of writing his fentiments at length, he 
replied in thefe laconic terms, Berne Nov. 5, 
1777, ‘€ Je vous abandonne ce M. Pirri; il 
eft en bonnes mains, vous feaurez afiez de- 
fendre la bonne caufe de la Nature. Il eft 
toujours temeraire d’attaquer des experiences 
par des raifonnemens.” ‘Thus he impofed 
upon me the tafk of anfwering Dr. Pirri, 
and I would certainly have undertaken it, if 
upon more maturely weighing the objection, 
and comparing it with Haller’s difcovery, I 
had not perceived, that I might fafely defer 
it at leaft, if. not entirely decline it, without 
offending the objector himfelf. I would,. 
therefore, beg the ingenious naturalift to 
read the relation of the difcovery over again 
with greater attention; for from his extract 
and reply, he appears to have overlooked 
more than one eflential circumftance, This 
will became evident, if we compere the ex- 
preflions of. the original with'thofe of -the 
extrach,)> - ag 1 

“* 'The yolk of the egg, concludes Haller, 
from his obfervations on the chicken, is a 
continuation of the inteftines of the chicken; 
the internal coat of the yolk is continued. with 
the internal coat of the fmall inteftines and of 
the ftemach, and pharynx, andwith thefkinand 
cuticle, Theexternal coat isthe external ita 

the 
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theinteftine;itiscontinuedwith the mefentery 
and peritonzum. The cover which inclofes 
_the yolk, towards the end of incubation, is 
the fkin itfelf of the fetus.” He then rea- 
fons thus, ‘ if the yolk is continued with 
the {kin and inteftines of the fetus, it mutt 
have co-exifted with the fetus, and is really 
a part of it. But the yolk exifted in the fe- 
male, independentiy of any commerce with 
the male; therefore the fetus itfelf alfo pre- 
xifted.”’ | | 

> The fame great writer expreffes himfelf 
with ftill greater precifion in his phyfiology. 
B. XXIX. Sect 2. Denique directa demon- 
ftratio adeft, qua oftendes, certe in avibus, 
pullum in matre fuiffe. Pulli enim intefti- - 
num continuatur cum vitelli involucro & 
adeo inteftini interior membrana cum epi- 
dermide animalis, exterior cum cute; denis 
que cum involucro vitelli eadem eft. 

Dr. Pirri ufes the following terms, ‘ Hal. 
ler having fhewn that the membrane of the 
yolk, which pre-exifts in the impregnated _ 
egg, is transformed by incubation into the 
imall inteftines of the chicken, concludes 
that the chicken pre-exifts in the unimpreg- 
nated eggs.” 

Let the Roman phyfician determine con- 
cerning the fidelity of his own copy. To 
this he adds another fact taken alfo from Hal- 
ler, and endeavours to confute him. But 
the author did not confider the latter as of 
equal weight with the former, which, there- 
fore, ought to have been faithfully quoted. 

I am aware, that thefe ftrictures cannot be 
leafing to Dr. Pirri, more efpecially thofe 

which fhew his inaccuracy in relating the 
difcoveries 
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difcoveries of others. I would, therefore, 
willingly have omitted them, as well on ac-. 
count of the real efteem I entertain for his 
merit, as fome degree of friendfhip I have 
contracted with him fince the publication of 
his book; in confequence of which, I have 
been ftudioufly mild in my expreflions, and 
have oppofed things and not words to him. 
But, aod I was treating this fubje&, to 
omit them entirely was impoffible. I will 
morever obferve, that I do not confider thefe 
inaccuracies as intentional, but as proceed- 
ing from want of reflection, or rather of lei- 
fure; for he confefles, that he compofed his 
confiderations on the reproduction of organized. 
bodies in a few days. I cannot, therefore, | 
but urge him afrefh to examine thefe two 
faéts, which prove, that the fetus belongs 
entirely to the female, at greater leifure, and 
with deeper attention ; Iwifh that to thefe he 
would add the further proofs I have adduced 
in this and the following differtation. That 
he may be a good judge of thefe facts, he 
muft moreover allow me to fay, that -he 
ought to be in poifleffion of the difficult art 
of making obfervations and experiments with 
fill. He may then repeat thofe which I 
have made, and will be enabled to give his 
opinion concerning them with greater free 
dom and fafety, | | 
CXVI. The author likewife difapproves of 

Mr. Bonnet’s do&rine concerning the invo- 
lution of germs, though he does not dire&ly 
attack it, but declares that he does not fub- 
{cribe to it; at.which I do not wonder, .be- 
caufe the opinion of every one is free, and 
Dr. Pirri manifefts too great.a partiality ne 

i the 
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the Epigenefis of the illuftrious Buffon. I 
was, however, not a little furprized, when I 
came to read in page 32, a paffage of the 
Genevefe philcfopher; whence it would ap- 
pear, that he is an oppofer of the fyftem of 
involution. My furprize was increafed, when 
I learned that the evolution of ‘bodies is, by 
the confeffion of. Mr. Bonnet himfelf, de- 

, duced from equivocal facts, and from pre- 
mifes that by no means lead direftly to any 
fuch conclufion, I was inftigated, by the 
defire of knowing how my illuftrious friend 
would reconcile thefe contradictions, to write 
to him at Geneva, making him at the fame 
time acquainted with Dr, Pirri’s fentiments 
concerning my difcovery, and the organic 
molecules of Buffon. I did not long wait 
for ‘an anfwer; which, as the author defiretl 
me to publifh it, I will tranfcribe in this 
‘place. | | 

Genthod near Geneva. 

| | Nov. 29, E. 
*“ CXVII, I was not acquainted with Dr. 

‘Pirri's book. The fhort account you give 
me, of it furprizes me exceedinely. Is jt 
poflible that the eighteenth century could 
have produced a writer capable of afferting, 
that the tadpole and frog are two effentially 
different animals? Can this writér ever have 
yead Swammerdam? And yet’ how can he 
treat of frogs without reading, or at leatt 
occafionally confulting him? Was not your 
illuftrious countryman Vallifner?; whom he 

_ mule doubtlefs haye feen, fufficient to n 
iG : him 
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him the falfehood of his opinion? To me, 
this ftrange affertion of Dr. Pirri appears al- 
together incomprehenfible. It is probable, 
that fome fecret intereft has led him into this 
miftake. An opinion fo fingular, does not 
deferve to be very anxioufly confuted. Every 
naturalift will excufe you from taking much 
pains for that purpofe, 

‘‘ You inform me that Dr. Pirri declares, 
that my reflections on organized bodies have 
not perfuaded him of the pre-exiftence of 
germs. I am not furprized that a naturalift, 
who believes the tadpole and frog to be two 
diftin& animals, fhould not be fatisfied with 
my proofs. I fhould be much aftonifhed if 
he were. | 

Your partizan of Epigenefis will furprize 
thofe who have not fufhciently reflected on 
the influence of opinion. He owns on the 
one hand that you have fully proved the orga- 
nic molecules of Buffon to be true animal- 
cules, yet on the other he maintains that fuch 
molecules exift, though they are invifible, 
If they are not perceptible, how does he know 
that they exift; you tell me that he deduces 
this conclufion from confequences, T ought 
to be made acquainted with. thefe confe- 
cuences if I am to judge of their force. But 
the reafoning of this author does not incline 
me to think favourably of his fkill in logic, 

A miftake in reafoning may indeed eafily be 
forgiven, but want of accuracy and fidelity 
in quoting authors, 1s not readily to be cx. 
cufed. He attacks the involution of bodies, 
by mutilating a paflage of my Corps organifés; 
he might doubt of his caufe from this alone, 
if he could form a proper. judgment of his 

own 
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own conduct. I well know the arguments, 
fays he, ufually adduced in proof of the pof- 
fible tenuity of matter ; nor am I unacquaint- 
ed with the geometrical demonftration of its 
infinite divifibility. But I alfo know that 
thefe are mere illufions, to furprize the 
imagination, andcloud the reafon, as Mr. Bon- 
net hasingenuoufly confeffed, Art. CX XVII. 
of his Corps organifés, where he thus ex- 
prefies himfelf concerning involution. The 
infinite divifibility of matter by which in- 
volution, or the hypothefis, which fuppofes 
one germ to be contained within another is 
fupported, is a mathematical truth and phyfi- 
cal falfehood. Every body is neceflarily athe ; 
all its parts are of neceffity fixed and deter- 
mined”—Who would not conclude from this 
extract, that I was combating the doctrine of 
involution? Yet this is the very paffage in 
which I endeavour to prove its poflibility. 

Dr. Pirri, in order to perfuade his readers 
‘that I concur with. him in opinion, dexte- 
roufly feparates four lines from the paragraph, 
fupprefles all the reft, and then praifes my 
ingenuoufnefs: I am forry I cannot return 
the compliment, but the truth is, that he 
makes me affert juft the contrary of what I 
was endeavouring to prove: My words are, 
“* the hypothefis of involution is not without 
probability, but it is not neceffary to fuppofe 
an endlefs involution, which would bean ab- 
furdity ; the infinite divifibility of matter, 
which might furnifh ground for maintain- 
ing fuch an opinion, is a mathematical truth, 
and a phyfical falfehood ; every body is ne- 
ceflarily finite, all its parts are fixed and de- 

termined.” I then proceed thus, ‘‘ weare . 
a ) utterly 
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utterly ignorant of the fartheft divifion of 
which matter is capable; and this ought to - 
prevent us from confidering the involution of 
germs asimpoflible. Weneed only open our 
eyes and look round us, in order to learn that 
matter has. been prodigioufly divided. ‘The 
fcale of corporeal beings is the fcale of this 
divifion. How many times is mould con- 
tained in the cedar, the mite in the elephant,- 
the aquatie flea in the whale, a grain of fand 
in the terraqueous globe, and a globule of 
light in the fun? An cunee of gold can be 
drawn by human art into a wire, eighty or 
one hundred leagues in length. The micro- 
{cope fhews usanimals, of which feveral thou- 
fands do not equal the fmalleft grain of duft. 

- An hundred fuch obfervations might be men- 
tioned, and fhall we, without hefitation, 
pronounce the theory of involution to be ab- 
furd ? , | : pe 
In the CCCXLIInd paragraph I treat pro- 
feffedly on involution, and tranfcribe a long 
afiage from Bourguet, in order to deftroy 

the force of thofe calculations by which the 
celebrated Hartfoeker affected to overwhelm 
the imagination. How then could Dr. Pirri 
fail to perceive, that fo palpable a deviation 
from good faith would difcredit his book ? 

I am yet more aftonifhed at another paf- 
fage, in which this author has the afiurance — 
to affert, that ‘‘ according to Mr. Bonnet’s own 
confeffion, involution of bodies is a fyftem 
founded on equivocal facts, and on obterva- 
tions that do not directly lead to any fuch 
conclufion.” An afiertion fo pointed, and at 
the fame time fo falfe, can impofe on thofe only 
who have never read me; for who among 

my 
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îmy readers does not know that I have ever 
regarded the evolution of organized bodies, 

aseftablifhed upon the moft unequivocal facts, 
and the moft conclufive obfervations? All 
my works are full of the doctrine of the evo- 
lution of organized bodies ; no author has faid 
more concerning it, or endeavoured to con- 
firm it by ftronger proofs. Itfeems morally im- 
poffible, that Dr. Pirri could have continued 
in his miftake a fingle moment in a matter fo 
evident; and therefore fince he puts into my 
mouth a propofition, which he knows to be 
repugnant to my way of thinkingon this fub- 
‘ject, I may fafely conclude, that his book 
was not dictated by the pure and difpafitonate 
love of truth. Buti have beftowed too much 
attention on an author fo regardlefs of public 
efteem, as to expofe himfelf voluntarily to the 

| ‘heavy charges of fuppreffion and bad faith. I 
think you fhould but juft mention his work, 
for if you confute him at length, you will 

| confer upon him a degree of celebrity, to 
“which he is by no means intitled.” 

ENnp.of DissertTarion I. 
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‘ARTIFICIAL FECUNDATION OF 

CERTAIN ANIMALS. 
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ARTIFCIAL FECUNDATION OF THE TER= 

RESTRIAL TOAD WITH RED EYES AND 

DORSAL TUBERCLES., 

CXVIII. HE frft attempt to effect ars 
| tificial fecundation was made 

by my immortal countryman, Malpighi ; 
having taken the eggs out of the ovaria of the 
butterfly produced from the filk-worm, he 
moiftened them with the feminal liquor of 
the male. The event did not indeed.corre- 
‘fpond to the wifhes of the curious naturalitt, 
for the eggs proved barren. ‘The learned 
Bibiena, formerly profeflor at Bologna, was 
in hike manner difappointed when he repeated 
and varied the experiments of his illuftrious 
fellow-citizen (a).. Such a proje&, however, 
though it fail in butterflies, does not feem 
unlikely to fucceed in thofe animals in which 
fecundation takes place without the body of 
the female, asin frogs and toads. Hence 

(a) AQ. Acad. Bon. T. 5. Part. I. 
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my celebrated friend Mr. Bonnet, fince I 
communicated to him in 1767, my difcovery 
of the pre-exiftence of the germ in the frogs, 

_ has never ceafed urging me to attempt the 
artificial fecundation of thisanimal. Andas 
I conceived that if this experiment fhould 
fucceed, it would throw new light upon the 
natural hiftory of animals, and more efpecial- 
ly upon generation, I refolved to undertake 
it. When I publifhed my Profpe&us in 1768, 
I gave an intimation of my defign. Other 
occupations, however, prevented me from 
carrying it into execution till the {pring of 
1977, and the prefent year (1780) in the courfe 
of which I enjoyed more leifure. The ani- 
mals mentioned in the five firft chapters of 
the preceding differtation, were the fubjects of 
my experiments. : 
CXIX. I began with the terreftrial toad 

with red eyes and dorfal tubercles, which 
‘begins earlieft in the {pring tg propagate its 
{pecies. I have already obferved, that the 
fete with the male on her back, difcharges 
flowly at the anus two fhining vifcid cords, 
full of black globules. Thefe globules are 
minute tadpoles, which the male fecundates 
at the time of expulfion, by befprinkling 
them with femen (XLV, XLIX, L, LI, 
LVII). As therefore the tadpoles are at this 
period beft difpofed for fecundation, I tried 
to effect it in the following manner. Juft 

| before parturition, of which I was apprized 
by the exceflive {welling of the belly, 1 parted 
the male from the female, and fet the latter. 
by herfelf, in a-veffel full of water. In a 
few hours the cords began to appear; as foon 
as about the length of a foot was excluded, 

Pov OL. Il. I Icut 
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I cut them off, and left one in the veffel, 
while I took out the other, in order to wet 
it with femen, which I procured from the 
male that had been juft feparated from the 
female. It is eafy for any one who has the 
flighteft fill in comparative anatomy, to find 
the. feminal veficles. In this animal, they 
lie below the tefticles, and cover part of the 
kidneys. At the time of coupling, they are 
always full. I laid open the veficles, and re- 
ceiving the liquor which had the tranfpa- 
rency of water, into a watch-glafs, I fpread 
it on the piece of cord with a pencil; but the 
quantity was only fufficient to go over two- 
auras ; after the operation, I placed this piece 
in a veffel of the fame water as that in which 
the unimpregnated portion lay. This experi- 
ment was made on the 16th of March; as 
the weather was rather cold, and confequent- 
ly unfavourable for the evolution of the tad- 
poles, I was forced to wait the longer in fuf- 
penfe for the event, about which I was not 
a little anxious. I examined the cords with 
the clofeft attention feveral times a day, with- 
ut perceiving the fmalleft difference for the 
irft. five days. In both the mucus was 
equally. enlarged, as well as the tadpoles : 
and they retained their globular fhape, It 
was not till the fixth day that I began to 
conceive hopes, that the application of the 
feminal liquor had not been effectual: Many 
of the tadpoles comprehended in the two- 
thirds of the cord, over which the pencil had 
patied, began to aflume an elongated figure, 
while the others preferved their round form, . 
as did alfo thofe of the piece of cord left in 
the other vefiel.’ The feventh' day was ftilk- 

| È "°° More 
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more favourable to’ my hopes; for togethe? 
with amanifeft elongation, an incfeafe in bulk 
became vifible; thefeappearances grew more 
evident every day, -infomuch that there no 
longer remained any doubt of a'confiderable 
evolution of the tadpoles. On’ the eleventh 
day, I perceived ‘them moving within the 
amnion, and on ‘thè thirteenth they quitted 
the membranés, ‘and ‘{wam ‘about the water; 
On the other hand; the unimpregnated tad- 
poles began to corrupt, and in time ‘they were 
quite difcompofed, andturned putrid. Thus 

called into life a number of animals, by 
imitatine the: means employed by nature: 
The reader will conceive the fatisfaQion I 
received from the fuccefs of an experiment 
fo precarious and uncertain. He will eafily 
imagine, that I was not difpofed to flop at 
my firft difcovery, but that I determined to 
repeat and vary my trials, in order to deduce 
fuch confequences as might illuftrate the 

Leabiect:.-. | | om | 
CXX. All the tadpoles in the portion of 

cord that was wetted with femen, were not 
evblved. They were in all a hundred and 

‘ feventy- fix, of which fixtysthree fpoiledy 
This probably arofe from their not having 
been touched by the fecundating fluid. È 
propofed to repeat the experiment upon ano- 
ther piece of cord, which a fernale juft fepa= 
rated from the male, was about to‘difeharge. 
As this piece was only five inches long; } 
could bathe it completely with the feed of 
two males. I may here remark, that if we 
with to find the veficles full; we mutt: open’ 
them at the time of copulation. : The largeft 
quantity of feminal liquor afforded by a fin- 
e i pa gle 
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gle;male, is generally two grains, though it 
fometimes amounts to almoft three. When 
the males are not mounted upon the females, 
there is either no fluid at allin thefe refer- 
voirs, or only.a.very inconfiderable quantity : 
they are indeed fo much fhrunk, that there 
is fome difficulty in finding them. But to 
return. to my fubje&; {I .found that a 
greater quantity of femen.caufed more tad- 
poles to-be evolved. ‘The feafon being now 

‘a little further advanced than at the time of 
my firft experiment, (CX VIII), the tadpoles. 
began’ on: the fifth day..to take on an elon- 
gated {hape, on the tenth they fhewed mani- 
feft tokens of animation, and on the eleventh 
were fwimming about the water. They were 
in allan hundred and feven, out.of which num- 
ber eight only failed; whether it was becaufe 
they had not been impregnated, or more pro- 
bably becaufe they were vitiated. In the na-. 
tural procefs, among a great number of tad- 
poles, a few always fpoil. 
~CXXI. In thefetwo fuccefsfulexperiments 

(CXIX, CKX), the cords had been difcharg- 
ed by the female into. water... Natural fecun- 
dation always takes place inthis element. But . 
I had learned. from obfervation, that it fuc- 
ceeds juft as well when the animals are re- 
moved to a dry place. It was thus, that I. 
was fortunate enough to difcover the natural 
mode of impregnation (XLVII, XLVIII, 
XLIX). Itherefore fuppofed, that artificial 
fecundation would fucceed in the fame cir-. 
cumftances ; a long portion of cord difcharg- 
ed in a dry veflel was moiftened with feminal 
fluid, and then put into water, along with. 
another piece brought forth by the fame n 

© male, 
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male, but not impregnated. In twelve days 
the tadpoles of he latter were half putrid, 
while thofe of the former were evolved, and 
fwimming about the water. While employ- 
ed about thefe experiments, I was careful to 
obferve whether artificial fecundation is flow- 
er in its effects than natural. Having two 
toads coupled, I waited till the female had 
difcharged part of the cords, and the male 
had befprinkled it with femen. I then re- 
moved the male, and cutting off the cords, 
clofe to the anus, left them in the water. As 
foon as the female had difcharged. another 
portion of cord, (which happened in a quar- 
ter of anhour) I cut it off, and impregnated 
it with what remained of feed in the veficles 
of the male; and this piece was put into the 
fame veflel with that which had been natural- 
ly fecundated, that it might be feen which 
would fooneft produce complete. tadpoles. 

But evolution and animation kept an equal 
pace in both, an obfervation which I after- 
wards faw confirmed both in toads and frogs.. 
CXXII. My attempts to produce fecun- 

dation by artificial means, have hitherto been 
made, only when the tadpoles had arrived at 
the place deftined by nature for impregnation 
and evolution, But fuppofe it was attempted 
within the body. We know that they are 
at firft lodged in the ovaria, then pafs along 
the oviducts, and at laft get into the uterus. 
Will artificial fecundation fucceed alike in 
thefe three receptacles? Thefe reflections fti- 
mulated my curiofity, and I believe I have 
now data fufficient for the folution of the 
problem. I began with the uterus. This or- 

_ gan is divided by a membranous partition into 
I 3 two 
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two cells, which are quite filled with tadpoles, 
as foon as they have pafled though the ovi- 
ducts.  Theyare inclofed in the glutinous 

- cords, which are very much entangled ; it is 
not, however, difficult to draw them entire 
out of the uterus with forceps, if they are 
managed gently. I opened sh abdomen of 
feveral coupled females when the cords began 
to be excluded, for at this time the uterus is 
always full, and difentangling part of the 
mafs which lies in this vifcus, i bathed it 
with feed, and fet it ina veffel of water. The 
reft of the cord&was put at the fame time inta 
another veffel of water; but not one tadpole 
contained on the latter portion was evolved, 
whereas all thofe which Pt been impregnat- 
ed became complete tadpoles. It is therefore 
to be inferred that thefe germs, by the time 
they get into the uterus, are arrived at fuch 
a ftate of maturity, as renders them capable 
of being fecundated. > — | 

~ While I was engaged in thefe experiments, 
I was eye-witnefs At an accident that deferves 
to bementioned. Having often obferved the 
feminal liquor of the toad, I found it very full 
of {permatic worms, which, like thofe of the 
frog, havean oblong fhape, and writhe their 
body as they move. Upon two occafions I 
have been greatly furprized at finding this 
fluid totally deftitute of inhabitants. I was 
induced to try, whether itis alfo deftitute of 
fecundating virtue, but I found that it was 
jutt as efe@Qual in this refpect, as that which 
moft abounds with thefe diminutive animals. 
‘ CXXIIT. I next proceededto try whether I 
could impregnate thofe germs, which in 
coupled females are often to be found in the 
ANON ET Oa eM a) Ce 
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- evidu&s. I fucceeded upon’ many of the 
largeft, thofe which lie neareft the uterus, but 
thofe which were fituated in the narrow part; 
in the vicinity of the heart, where the other 

° extremity oe) the oviducts is placed, all baf- 
fled my attempts. Thefe different refults may 
perhaps be thus explained. The gluten in 
which the tadpoles are imbedded, and which 
forms the two long cords, is produced as the 
germs pafs through the ovidu&s, for they 
are totally deftitute of it before they enter 
into thefe canals. Thofe tadpoles therefore 

. which have pafled along the greater part of 
the ovidu&s, and of courfe are neareft to the 
uterus, will be furrounded by moft gluten, 
This fubftance has been appointed by nature 
for the firft nourifhment of the fetufes. If 
therefore they happen to be provided with a 
fufficient fupply, as thofe are which lie near~ 
eft to the uterus, the afperfion of feed will 
not be ineffectual ; butthe contrary will hap- 

| pen with refpe& to thofe which have little 
or no gluten; for fhould they be animated by 

the act of fecundation, they will foon perifh 
from wantofnourifhment, Theneceflity of glu- 
ten during the firft period of evolution, is evi- 
dent from another experiment, in which the 
tadpoles having been entirely {tripped of it, 
were wetted with femen, but they came to no- 
thing; nay, very few of thofe were evolved 
from which part only was taken. Upon open= 
ing one day a female during copulation, i 
found the tadpoles in the abdomen, inftead of 
the uterus and oviducts... Their colour was 
black, as it is when they are arrived at a ftate 
of maturity, but they were without gluten; 
having never entered the ovidu&s. . Thefe 
sfondi I 4 fetufes, 
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fetufes, after being moiftened with feminal 
liquor were not evolved, as the reader will 
naturally fuppofe. | 
CXXIV. For the fame reafon thofe taken 

from the ovarium would not grow. This 
vifcus is divided into two large lobes, each of 
which confifts of {maller lobes. All are full 
of little tadpoles, till the feafon of amours 
arrives, when they feparate from their ftalks, 
in order to go where nature has deftined them. 
I befprinkled many of thofe tadpoles with 
feed when they were about to quit the ova- 
rium, but in vain. This experiment fug- 
gefted a curious idea. I had found that the 
abdomen of female toads, and this is alfo 
true of frogs, may be opened, not only with- 
out immediately deftroying them, but fre- 
quently without preventing them from bring- 
ing forth their young, which are afterwards 
evolved, either in confequence of natural or 
artificial fecundation. It is only necefiary, 
that the female thus maltreated fhould be 
kept in the dry ; otherwife the water will en- 
ter in at the wound, and occafion death be- 
fore parturition takes place. Now what will 
happen, thought I, if the abdomen of a fe- 
male fhould be opened, and the feminal fluid 
be fpread upon the ovarium? May it be éx- 
pected that the tadpoles, after quitting this 
vifcus, pafling through the ovidu&s and ute- 
rus, and being difcharged at the anus will 
grow? Though I had little expectation from 
the experiment, and was determined to per- 
form it. Having with this view perforated 
the abdomen of two females, I threw a drop 
of feed upon each ovarium froma fyringe in- 
troduced through the wound. I MOREDYES 

| | inade 
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made. a perforation in the membrane that in- 
vefts the ovarium, and injected another drop 
of feed, which muft have come into imme- 
diate contact with the tadpoles. One of the 
toads died five hours after the operation with 
the tadpoles in the ovarium, but the other 
difcharged part of them at the anus imbedded 
in gluten, as if fhe had been in a ftate of the 
mott perfect health. I kept them very care- 
fully in water, but not one came to perfec- 
tion; whence I was obliged to infer, that the 
gluten is fo indifpenfably neceffary for the 
nutrition of thefe delicate beings, that fhould 
it not be prefent at the time of afperfion with 
feed, they will perifh, even though it fhould 
be afterwards fupplied. 3 
CXXV. Having eftablifhed upon a number 

of decifive trials, the poffibility of artificial 
fecundation with feed (CXIX, CXX, CXXI, 
CXXII, CXXXIII), I thought of trying 
whether the exprefled juice of the tefticles 

| would anfwer the fame end. I fuppofed this 
not unlikely, the tefticles being the organs 
in which the feed is formed, or rather per- 
fe&ed and rendered fit for fecundation; but 
on account of their {mall fize in this animal, 
I could not hope to obtain it pure: and my 
only refource was therefore to fqueeze out the 
juice, and ufe this for my experiments. The 
tefticles in the prefent fpecies of toad are fi- 
tuated at the upper part of the kidneys; they 
have a yellowifh colour and an oval fhape, 
but are a little gibbous on one fide, like thofe 
of the cock. At the feafon of generation 
they contain a brown, denfe, and fomewhat_ 
vifcid liquor. Having collected alittle of this 
liquor in a watch-glafs, I moiftened i it 

| about 
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about. one hundred tadpoles, part taken.out 
of the uterus, and part difcharged by the fe- 
male, after the male had been removed. I 
fucceeded. perfectly; the tadpoles grew, and 
I frequently repeated the experiment with 
equal fuccefs. Upon making a comparifon 
between the efficacy of the feed, and the juice 
of the tefticles, I found that both fluids pro- 
duce their effets in the fame time; but the 
latter did not caufe the evolution of fo great 
a number as the former, though I did not 
then know whether this arofe from its infe- 
rior activity, or rather from its denfity, a qua- 
lity that prevents its diffufion over an equal 
extent of furface. } | 
CXXVI. In May 1780, while I was com- 

vofing the prefent chapter, the fifhermen 
BERO me a fpecies of toad, concerning the 
generation of which I have faid nothing in 
the preceding differtation, for I was totally 
unacquainted with it; I fhall here give a fhort 
defcrfption of it, as it relates to the prefent 
fubject.. This fpecies is fmaller than the fe- 
tid terreftrial toad, but isof the fame colour, 

| if we except the belly, which is of a brighter 
white. But the diverfity of manners and 
organization fhews, that the two fpecies are 
totally different. The {kin upon the back of 
the fetid toad is rough like fhagreen, the body 
is rather long, and theanimal moves like frogs, 
by long leaps. The other has a fmooth fkin, 
a thick fhort body, and jumps a very little 
way. The male of the former ipecies utters 
a found refembling a man’s whiftie. The 
croaking of the latter is very low and indif- 
tinct, a clear proof that the organs of the 
voice are very differently conftructed. The 

PoE SORE re ftru@ure. 
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ftru&ure of the parts of generation alfo dif 
fers; the female of the fetid toad brings forth 
two cords, but that of the other only one; 
the former derives. its name from its bad 
fmell, but the odour of the latter is at mot 
not more offenfive than that of garlic. The 
male of the fetid toad throws his arms round’ 
the thorax of the female, but that of the new 
fpecies clafps the abdomen. Hence it is ap- 
parent, that this toad ought not to be con- 
founded either with that with which I have 
been contrafting it, nor with the Bufo seneus 
of Roefel, in which the lower part of the 
body is ornamented with fame-coloured 
{pots (CCCCLXIV) ; for in the fpecies in 
queftion, not a veftige of fuch {pots is to be 
perceived. | 

_’ The firft that fell into my hands was Pesi 
S. 

I had here an opportunity of admiring the cu- 
rious fpectacle defcribed by Demours (CII). 

| When they were placed upon my hand, they 
feemed at firft a little timid, but foon after- 
wards the female continued her difcharge, 
though I did obferve that the male ufed his 
‘hind legs to extra& the cord. I faw, how- 
ever, what he did not obferve, I mean, that 
the male fprinkled the tadpoles from time to 
time with femen emitted from the anus, 
which in this fpecies is terminated by a point. 
I watched this phenomenon for about thir- 
teen minutes, and then refolved toopen both 
the male and female, for the fake of the fol- 
lowing experiments. Having extracted the 
remainder of the cord, which meafured about 
a yard anda half, I divided it into four por- 
tions: One was left untouched, the fecond 

Was 
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was moiftened with the feed remaining in the 
veficles of the male; the third with juice ex- 
prefied from the tefticles; and the laft with 
two drops of the feed with which the male 
was impregnating the cord as it was excluded, 
which. I had intercepted in a watch-glafs. 
Thefe four pieces were fet in feparate veffels 
of water, and in a fifth was placed that piece 
of cord which had been already fecundated, 
The refult was what I imagined it would be, 
from former obfervations. Except the un- 
touched piece of cord, all the reft were ani- 
mated with a number of tadpoles; whence 
we may draw two inferences, firft, that in this 
frefh f{pecies fecundation is alfo external; 
and fecondly, that it may be effected by art, 
either by means of the feminal fluid, or the 
quice of the tefticles. Four other couples 
were afterwards brought to me, two of which 
ferved to confirm the foregoing obfervations, 
and the two others for experiments, which I° 
fhall relate in another place. 
CXXVII. I thall finifh the prefent chapter, 

with a fhort digreflion concerning the mode 
of propagation in this new fpecies. The 
cord, both in the ovidu&s and uterus, is full 
of black globules, which whether examined 
internally or externally, exhibit chara&ers - 
perfectly refembling thofe of the tadpoles of 
other fpecies, when they lie in the oviducts - 
or uterus. If the impregnated: globules be 
compared with the unimpregnated, they will 
likewife be found to bear an exact refemblance 
both internal and external. But in time the 
latter become white, the furface grows wrink- 
led, and chopped in various places; the wa- 
ter diffolves them, and they at laft fall to 

| pieces, 
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pieces, and are quite decompofed. ‘The ap- 
pearance of the fecundated globules changes 
alfo in about a day, but in-a manner totally 
different. Upon the furface may be perceived 
two furrows, which meet to form an angle. 
Above the angle a prominent filament: is 
feen, and at the fame time the globule in- 
creafes in bulk and length, while the end 
grows finer. During the following hours, 
the furrows become deeper, the filament pro= 
jects further, and the point grows longer ; 
on each fide of the furrows arife two {mall 
tumours, which before were not vifible.» In 
about. a day longer, the myitery concealed 
under thefe parts, which are gradually un- 
folded, is laid open. We find.that.the two 
furrows are the.marks of the mouth, that the. 
prominent filament is the fpine, that. the 
pointed end is the tail, and the two tumours 
the gills. Al thefe parts become more dif. 
tinct, when the young animals begin to move 
about the water. It appears therefore, from 
thefe obfervations, that the fame law which 
prefides over the birth and evolution of the’ 
fpecies mentioned in the preceding diflerta- 
tion, extends likewife to this, that the fetus 
belongs to the female, and that the afperfion 
of the feed of the male is a condition necef- 
pat to the animation and evolution of the 
etus. | 

CAT TAR. 
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ARTIFICIAL FECUNDATION OF THE WA 

TER-NEWT, AND THE FETID TERRES# 
REAL. TOAD: 

CXXVIII. S the fecundation of the wa- 
ter-newt does not take place 

without the body (CLXXX, CLXXXI, 
. CLXXXIV), as in frogs and toads, I could 
not try to impregnate the fetufes, after they 
have been difcharged by the female, but was 
obliged to feek fome'other means of accom- 
lifhing my intention. The female newt 

fue no uterus; hence the fetufes, after quit- 
ting the ovarium, pafs along the ovidu&s 
into the rectum, and are difcharged at the 
vent. The feed of the male infinuates itfelf 
into this aperture, and fecundates the fetufes 
that lie neareft to it. I have moreover fhewn 
in the eighty-fourth paragraph, that the more © 
remote fetufes, thofe which are fituated higher 
in the oviducts, are not then impregnated ; 
and that before this can happen to them; 
they muft come down lower, and take the 
place of thofe which have been impregnated 
and difcharged. Thofe therefore which oc= 
cupy the ovidudts, appeared to be the proper 
{ubje&s of my experiments; but my attempts 
to fecundate them did not fucceed. I pro- 
ceeded in this manner; having laid open the 
ovidu&s of a female, and the va/a deferentia 
of a male, I took out the feed, which in 
whitenefs refembles milk, and moiftened the 

I | , fetufes 
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fetufes lying high in the ducts; I then put 
them in .water without delay. Like thofe 
which are brought forth naturally, they funk 
to the bottom, where they were. held by the 
tenacious gluten that inveits them, but not 
one grew. The gluten gradually quitted 
them, and they burft, and were diffolved. I 
will not relate the many frequent repetitions 
and variations of this experiment, how J al- 
tered the dofe of feed, fometimés letting fall a 
few drops upon the fetufes, fometimes bath- 
ing them fparingly, and at others immerfing 
them in it, and as it were faturating them, 

- but ftill to no purpofe. Their fituation in the 
oviduéts made me apprehend, that they pe- 
rifhed for want of a fufficient quantity of 
gluten, as is the cafe with tadpoles taken out 
of the upper part of the ovidudt (CX XIII), 

and at the fame time doubting. on the other 
hand, left, if I took them from a lower fitua- 
tion, they fhould beimpregnated by the male, I 
had recourfe to an expedient which I thought 
would determine whether my apprehenfions. 
were juft. I was then (it was.in April) in 
Ratethon of feven female falamanders, which 
{ had kept all the winter in water, apart from. 
any males; notwithftanding this, they were 
beginning to difcharge their fetufes. I 
thought, therefore, of trying to fecundate 
thefe fetufes, being certain that on the one 
hand they were invefted with a fufficient 
ARAN of gluten, and that on the other 
they had not been impregnated. I have be-. 
fore remarked, that the males, during the 
feafon of their amours, will emit their feed, 
if the belly be. gently prefled, and the fe-, 
males their young (LXXX, LXXXIYV). te 

ii this 
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this eafy method, I got thefe female newts to 
bring forth their young, and as they came 
away, took care to moiften them with feed. 
But notwithftanding this expedient, I never 
faw one of them grow, though I carefully 
kept them in water. | 
CXXIX. Mortified at fo many difappoint- 

ments, I was about to relinquifh the attempt, 
under a perfuafion that artificial fecundation 
would not fucceed on newts, when a doubt 
fuggefted itfelf, whether I had not neglected 
a precaution effential to the fuccefs of thefe 
experiments. In another place I have re- 
marked, that the male fecundates the female, 
not by injecting his feed immediately into 
her, but by throwing it into the water, whence 
it paffes into the vent of the female, and im- 
pregnates all the fetufes that lie near the 
rectum (LXXX, LXXXI). It is therefore 
evident that the feed, when it produces its 
effect, is not pure, but diluted in water. 
Hence I was led to fufpe& that pure feed, 
which I had ufed in my experiments, was not 
fit for fecundation, (perhaps on account of 
its too greatdenfity) but that it muft be diluted 
in water; I tried this method, and obtained 
refults very ‘different from thofe which have 
been juft related. By gentle preffure upon the 
bellies of the feven females (CX XVII) that 
had been kept by themfelves, I procured the 
difcharge of twenty-feven fetufes, I bathed 
them all with water in which a {mall por- 
tion of feed had been diffufed. Seventeen 
perifhed, the: remaining ten did well, and 
during their evolution prefented the appear- 
ances that are confequent upon natural fecun- 
dation(LXXXVII, LXXXVIII, PESDIAI: 
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| By imitating Nature therefore in this cir-. 
cumftance, I fucceeded in fecundating this. 
amphibious animal by art, as well on the, 
prefent as on other occafions; I loft indeed. 
many fetufes, but this could not furprize me, 
fince many perifh alfo after the natural im-. 

| pregnation (LXXXIX). 
The juice exprefled out of the tefticles di- . 

luted in water, anfwers the purpofe of fecun- 
dation, though in this cafe too, about one- 
third only of the fetufes is evolved. This 
failure, induced me to defift from the profecu- 
tion of my experiments on this animal for 
the prefent. The fetid terreftrial toad next 
engaged my attention, and indeed fully an- 
fwered my expectation. ) 
CXXX. We have feen, that in the terref- 

trial toad with red eyes and dorfal tubercles, 
artificial fecundation fucceeds not only on the 
tadpoles that have been difcharged, but alfo 
in thofe which lie in the uterus, and at the 
inferior extremity of the ovidu&s.. We have 
moreover feen, that it may be effected either 
by the feed, or the juice of the tefticles. I. 
can aflure the reader, that the refult of thefe 
experiments repeated on the fetid toad, was 
exactly the fame. 

But the great quantity of this fpecies with 
which the fifhermen fupplied me, the abun- 
dance of tadpoles contained in the uterus, and 
the facility with which they may be fecun- 
dated, led me to attempt fomething befides 
the bare confirmation of my preceding ob- . 
fervations. ‘The difcovery of the means 
calling forth thefe animals into exiftence, 
without the co-operation, of the male, was 

an experiment pregnant with many others, 
Vo. II. K which 
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which I was the more tempted to undertake, 
fince the harveft was yet not touched by the 
fickle of philofophy. 

One of my principal views was, to afcer- 
tain what would be the confequence of trying 
to force Nature out of her ordinary path, ei- 
ther by adulterating the feed, and the juice 
of the tefticles, or by attempting to produce 
changes in the tadpoles. Such an invettiga- 
tion promifed to afford much inftru@ion. . 

In the preceding experiments, I had ufed 
the feed, and the juice of the tefticles, imme- 
diately after it was taken from the male. The 
animal was fixed on his back, by means of 
nails driven through his hands and feet; af- 
ter opening the abdomen, I fought for the 
ieminal veficles, which, when the inteftines 
are removed, appear behind the bladder, un- 
der the fhape of two tumours; if the blad- 
der be evacuated, a better view of the veficles 
is obtained, at the fame time the tefticles 
come into fight; in this fpecies, they are of. 
a livid brown colour, and lie upon the kid- 
neys. After having made this difpofition, I 
took, as my defign led me, either the feed, or 
the juice of the tefticles, and bathed the tad- 
poles. I now thought of trying thefe fluids 
fome time after the death of the animal. In 
another publication I have obferved, that 
frogs, toads, and other animals very tenacious 
of life, may be inftantaneoufly killed byinfinu- 
ating a {harp inftrument between two cervical 
vertebre, and deftroying a little of the fpinal 
marrow. They fall inftantly into convul- 
fions, and ceafe to live; an event that does not 
follow either decapitation, or any other treat- 
ment. ‘Fhree-hours after I-had thus killed È 
spanks 18 feti 



DISSERTATION Il ag: 

fetid toad, I opened the abdomen, and fearched 
‘ for the feminal veficles, which were a little 

collapfed, not now containing fo much feed 
as when the animal is alive and coupled. With 
this feed I bathed fome tadpoles taken out of 
the uterus, whence all that were ufed.in the 
experiments related in this chapter were 
taken. The event fhewed, that the feed had 
not fuffered by a continuance of three hours 
in the dead body. The fame obfervation is 
applicable to another toad which had been 
killed five hours and a half; the feed indeed 
being in very {mall quantity, could not be 
{pread over many tadpoles. In the courfe of fe- 
.venhoursafter death, the veficles were fo much 
fhrivelled, that I could fcarce get a drop. of 
feed, which however retained its efficacy, 
CXXXI. Two immediate confequences 

may be deduced from thefe experiments; it 
appears in the firft place, that after death the 

quantity of feed in the feminal veficles gra- 
dually dominio till it quite difappears, agree- 

ably to the laws of theanimal economy; andin 
« the fecond, that this fluid, notwithftanding 
its wafte, lofes nothing of its virtue, at leaft 
in feven hours. But does it retain its prolific 
power any longer after the ceffation of life? 
As dead toads would not, for the reafon al- 
ready affigned, enable me to folve this pro- 
blem, there remained no other expedient than 
to take the feed out of the veficles, and keep 
it in a phial or tube. Having procured all 
that thefe toads would furnifh, I put it ina 
little glafs tube, and ufed it at different 
times. Six hours did not impair its efficacy, 
but at the feventh hour it feemed to be weaker, 
for only two-thirds of the tadpoles touched 

2 with 
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with it came to perfection. The eighth hour 
produced worfe effects, and the ninth proved 
fo hurtful, that out of fixty-five tadpoles, not 
one was evolved. ‘The reader is not, how- 
ever, to fuppofe, that this is always the exact 
'meafure of the time in which the feed be- 
comes effete. By many experiments I have 
been taught, that this depends on the tempe- 
tature of the atmofphere. In hot weather, 
feed taken out of its natural receptacles, be- 
comes in fix hours and a half unfit for fecun- 
dation.. But in a cold feafon, it retained 
fomewhat of its virtue eleven hours and up- 
wards. he frequent alternations of heat 
and cold during lat May, (1780) afforded me 
many opportunities of obferving thefe diffe- 
rent phenomena, Finding that cold favours 
the retention of the fecundating virtue, I 
thought of carrying the experiment further, 
by placing fome feed in an ice-houfe. It 

‘now retained its efficacy twenty-five hours. 
When I reflect upon the nature of this liquor, 
it does not feem difficult to account for the 
effect of heat and cold. The feminal fluid, 
like other animal fubftances, is fubje& to 
putrefaction ; now this is promoted by heat, 
and retarded by cold. In my fecond E/ffay 
concerning the natural Hiftory of Animals and 
Vegetables, I have fpoken at large on the ten» 
dency of extravafated feed to become putrid, 
whence it lofes the fpermatic worms, its na- 
¢ural inhabitants, «and. acquires others of ‘a 
very different kind, refembling the animal- 
cules of infufions. The feed of toads runs 
fooner or later into the putrefa@ive fermen- 
ration, and on this account probably becomes 

| | IZARST a effete, > 
Ve ie ! 
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effete; fooner when the atmofphere is warm, 
than when it is cold. | 

I have faid before, that in hot weather the 
.. feed in fix hours and a half is rendered unfit 

| for its natural ufe. Ifound that in this cafe, 
the thermometer ftands 183 (4) deg. above 
the freezing point. This fuggefted to me 
the idea of trying what would happen to this 
fluid, if it fhould be kept fora fhort time ina 
higher temperature. From feveral trials it ap- 
peared, that the heat of 30 (4), and even 32 
(5) deg. was not prejudicial, when the feed 
is fubjected to it for two minutes only; but 
at the 35th (4) deg. it was quite fpoiled. 
CXXXII, But it is time to turn the reader’s 

attention to the experiments on the juice of 
the tefticles, the fecond head of the firft en- 
quiry propofed in the CXXXth paragraph; 
as before, I left the tefticles in the dead ani- 
mal; but the event was very different. In 
the veficles the quantity of feed was fo much 

‘ diminifhed, that in feven hours there fcarce 
remained enough for one experiment. The 
tefticles on the other hand of the fame indi- 
vidual preferved their juice fufficiently, and 

° it was fit for fecundation. But what was ex- 
preffed from the tefticles of another male left 
dead for a day, was in fufficient quantity, but 
altogether SI In the profecution of this 
enquiry, I found, that.the continuance of the 
efficacy of this juice is. conne&ed with the 
temperature of the atmofphere, or, to fpeak 
more properly, with the time in which it be- 
gan to grow putrid, as happens with refpe& 

(2) About 73 or my of Far, thermometer. (4) 302 
997» 32> 104, 35=110%, nearly of the fame fcale. 

K 3 to 
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to feed alfo (CXX XI). Henceinwarm wea> 
ther, the tefticles afford nothing fit for im- 
pregnationafter nine or ten hours have elapfed; 
whereas when kept in an ice-houfe, their 
juice is efficacious after thirty-four hours. 
It appears, however, from a comparifon of 
this with the preceding paragraph, that in 
the fame temperature this juice retains its 
virtue longer. Does this arife from its not 
becoming putrid fo foon, at leaft when it re- 
mains in the tefticles? I incline to this opi- 
nion, though I have not made any direct ex- 
periments with this view. | | 

CXXXIII. The tefticles of the toad are fo 
fmall, that when expofed to the air, they be- 
gome fhrivelled and dry, fooner than they 
putrify. In the mean time they do not lote 
their virtue, but the juice, as long as they 
retain any, is fit for fecundation. 

As they dry, they grow hard, and affume 
‘ the appearance of thin leather; when put 

into water, they refume their former plump- 
nefs. When prefled, they appear to be full 
of juice, but it will not caufe the evolution of 
germs. And this is by no means matter of 
furprize, firice the better and more active 
part of it, muft evaporate during deficcation. 

The fame effect is produced by too excef- 
five heat, as when the tefticles are kept a few 
minutes in air or water warmed, to about the 
thirty-fifth degree. 
© Jf we combine the facts related in this and 
the foregoing paragraph, with thofe of the 
CXXXth and CXXXIft, it will appear, that 
the fame caufes are deftructive of the quali- 
ties of the feed, and the juice of the tefticles. 
Indeed it cannot be otherwife, fince the lat- 

SUSE ter 
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ter fluid confifts chiefly of the former; the 
fame worms inhabit both. Hence it may be 
underftood how it came to pafs, that when I 
bathed tadpoles with the juice taken from 
the tefticles of toads long kept by themfelves, 
fecundation did not take place; this was 
not owing to a deficiency, but to the bad 
quality of the juice. It was to no purpofe 
to try the juice of the tefticles of young 
toads, before they are proper for generation. 
The failure arofe from the want of feminal 
fluid, which, as is well known, is not pro- 
duced either in men or animals before a cer- 
tain age. | 

i CXXXIV. In the artificial fecundation of 
both thefe fpecies of toad, I had ufed feed or — 
juice of the tefticles not adulterated with any 

. other fubftance. But having propofed in this 
chapter to enquire into the confequences that 
would follow the alteration of thefe liquors, 
it became me after the trials already infti-+ 

tuted, to mix various matters with them. 
The flight difference between the feed and 
the juice of the tefticles, rendered it- proba- 
ble, as in fact it happened, that their admix- 
ture would not prevent fecundation. Water 
too, though a fluid effentially different, did 
not feem likely to produce fuch an effeét, 
fince the feed is emitted into water, and ne-. 
ceffarily mixed with it; and with refpeéct to 
the newt, we have feen, that this is a requi- 
fite condition to impregnation (CXXIX). In 
the toad water heightened the prolific power 
of the feed; but I content myfelf at prefent 
with giving a fimple intimation of this fa&, 
and defer to the next chapter a particular ac+ 
count of it, as wellas of the important deduc- 

| K 4 | tions 
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tions it affords. I here confine myfelf to 
other liquors. In opening the feminal veficles, 
the feed which when unmixed has the purity 
and tranfparency of water, is always adulte- 
rated with blood that iffues from the incifion 
made in the abdomen: the mixture is then 
not unlike the wafhings of flefh ; I have ufed 
it for bathing a confiderable quantity of tad- 
poles, and have found it juft as good as pure 
feed. Further, blood, after being thus mixed, 
foon coagulates, and if taken away, leaves the 
feminal liquor as pure as ever. I have taken 
up forme of the clots, and after rubbing the 
tadpoles with it, have found that it animates 
them, on account, no doubt, of the feed that 
adheres to it. The fame remark may be ap- 
plied to the other fluids of both male and te- 
male toads; the bile, the faliva, the juices 
exprefled from the liver, lungs and kidneys, 
and in fhort the urine itfelf, do not prevent 
the feed from producing its proper effect, 
notwithftanding the laft is thought by many 
to be poifonous, or at leaft corrofive and acri- 
monious. Human urine is not prejudicial, 
provided it is ufed in equal quantity. But 
the number of tadpoles became lefs when the 
portion of urine was increafed, infomuch 
that when it was ufed in double quantity, 
none were evolved. Vinegar agrees very 
nearly with urine. Human falivais innoxious 
in Whatever proportion it is employed. Here 
I may poffibly be afked, whether a real incor- 
poration of thefe feveral liquors with the 
teed; took place: or rather, whether the feed 
formed a feparate and diftin& body, as water 
poured into oil; in which cafe fecundation 
being effected, would not be a matter of fur- 
oad pei prize? 
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prize? I reply, with great confidence, that 
the mixture took place in the firft of thefe 
ways, and never in the fecond. When I 
dropped thefe different liquors into the feed, 
I was careful to obferve what changes hap- 

| pened, and that I might be better enabled to 
judge I ufed the microfcope. The mixture 

| feemed always to be attended with a real in- 
corporation of the two fluids. When water 
was ufed, it appeared as limpid and homoge- 
neous as if it had been water alone. When 
the feed was mixed with black vinegar, the 
mixture had a blackifh colour, and when 
with white vinegar, it was fomewhat lefs 
opake. In both cafes the acid loft fomewhat 
of its fournefs, a certain proof that the femi- 
nal fluid, which of itfelf is infipid, had been 
diffufed through the whole of the vinegar. 
The fame thing took place when urine was 
tried. 

The.juice of the tefticles after being mix- 
‘ ed with the fame fluids, loft nothing of its 

efficacy. And as it tinged thefe fluids with 
its own colour, it was reafonable to infer that 
it was incorporated with them as well as the 
feed. It appears therefore, that both thefe 
prolific liquors preferve their qualities fome 
time after the death of the animal, both when 
pure, and when by being mixed among other 
matters they have fuftained a confiderable di- 
vifion of their integrant parts: But I fhall 
fpeak more particularly concerning fecunda- 
tion after a great, nay, almoft infinite fepa- 
ration of the particles. 
CXXXV. Inow come to defcribe the va- 

rious changes I have endeavoured to effe& on 
tadpoles betore fecundation, which was the 

: other 
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other principal obje& of enquiry. Having kil. 
led feveral females in the way defcribed in the 
CXXXth paragraph, I left the tadpoles for 
fome time in the uterus. I withed to know 
how long after the death of the female, the 
young are capable of being impregnated ; 
eight hours did not prove hurtful to them, 
nor twelve ; but when bathed with feed, after 
thirteen or fourteen hours had elapfed, the 
difference became evident, for out of about 
two hundred, more than eighty perifhed. 
To the tadpoles of three toads, fixteen hours 
continuance in the uterus was fatal, but fe- 
veral taken out of that of a fourth came to 
perfection. This inftance may ferve to con- 
firm a maxim adopted by the moft able phi- 
lofophers, according to whom a great mul- 
tiplicity of trials is not merely expedient, ©. 
but neceflary, when we would eftablifh any — 
propofition. The induration of the tad- 
poles of the three firft toads, the. thick- 
ening of the mucus and its incipient 
putrefaction, were indications fufficient to 
make me apprehenfive, left the application of 
feed fhould not be attended with any effect. 
But I fuppofed, that in alower degree of heat 
the tadpoles might be kept longer, for thefe 
experiments were made in June, when the 
thermometer in the fhade ftood at 20°— 22° (a). 

- It readily occurred to me, that recourfefhould 
be had to an ice-houfe, in which I had before 
kept the prolific liquors good for a confider- 
able time (CXXXI, CKXXII). | 
My fuppofition was confirmed by experi- 

ment. ‘Tadpoles left in the uterus of two 

È) III SILENT, Le ; 
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females for forty-one hours in this degree of 
cold, and afterwards moiftened with feed, came 
moft of them to perfection. Icannotinform the 
reader what effet is produced by immerfing 
tadpoles in various liquors, not having had 
time for making fuch experiments. The 
only one which I could try was water; 
and I fhould not have imagined, that it would 
be fo detrimental as it really proved to be, 
confidering that the tadpoles are always depo- 
fited and live in water. After tadpoles ex- 
tracted from the uterus of a living toad, 
‘have been left four hours in water, the ap- 
plication both of the feminal fluid and the 
juice of the tefticles was quite ineffectual. 
‘They all turned putrid in a few days. The 
fame event took place on other occafions, af- 
ter the tadpoles had lain for three, two, and 
even one hour in water. This unexpected 
«phenomenon made me defirous of afcertain- 
ang the precife time, during which tadpoles 
may be kept in water without being rendered 

-unfit for fecundation. I found it to be ex- 
‘ceedingly fhort, about thirteen minutes; ma- 
ny kept immerfed longer, never came to per- 
fection, and after a continuance of fifteen mi- 
nutes not one was evolved. This at leaft 
was what I obferved concerning fevaral hun- 
dreds. 

But how does water fo foon damage thefe 
embryos? It is quite contrary to what happens 
~when they are kept in the dry, whether they 
are left in the uterus, or placed in a veflel; 
‘for it is certain, that a continuance of feveral 
hours will not under this circumftance pre- 
vent the effects produced by fecundation. 
The beft method of inveftigating the nr 

| o) 
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‘of the difference feemed to be, to obferve 
«carefully what happens to the tadpoles, and 
the mucusin which they are imbedded, while 
they continue in water. It has been already 
feveral times: obferved, that the mucus and 
tadpoles conftitute two long cords, which 
the female flowly difcharges.. The cords at 
fir& fall to the bottom, but if the weather 
be warm. they foon rife to the top, and con- 
tinue to float. This afcenfion arifes from an 
increafe of bulk, which renders the ftrings 
fpecifically lighter than water. The dilata- 
tion is obvious to the fenfes, and if the dia- 
meter be taken before they are put into water, 
and after they have been immerfed fome time, 
it will be found to be enlarged.. This 
change muft, J think, be imputed to water 
infinuating itfelf between the particles of the 
mucus. And my opinion is confirmed by the 
two following reafons; the ftrings, when left 
in the dry, do, not increafe in bulk; and if 
thofe which have been immerfed be fqueezed, 
water will ooze out of them. From thefe ob- 
fervations, I think we may account for the 
hindrance water occafions to fecundation. It 
is Obvious, that the feed muft traverfe the 
mucus, in order to reach and impregnate the 
tradpoles. Now it muft either infinuate it- 
felf into the pores of that fubftance, or pafs 
along certain ducts provided on purpofe by 
nature. When thefe openings, of whatever 
kind they may be, are free, asin the cafe when 
the cords are. kept in the dry, the paflage of 
the. feed through the mucus will not be 
interrupted; but. fheuld they be clofed, 
its ingrefs will be prevented; this mutt 
be the confequence of immerfion in sett 

| an 
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and thus we come to underftand why in a few 
minutes they are rendered incapable of being 
fecundated. 
. CXXXVII. The infuperable obitacle arif- 
ing from the infinuation of water, has been 
guarded againft by Nature, when fecundation 
is left to the animals themfelves.. The male 
toad, as well as the male frog, eje& their feed 
upon the ftrings, after they have been only 
a very fhort time in water... And I have 
found, that the male always impregnates thofe 
which have been juft brought forth, and 
which confequently have been juft fubjected 
to the action of water. Thus asif they could 
forefee that fecundation would not take place 
after the. tadpoles have lain fome time in 
water, they never befprinkle fuch with feed. 
I have put fome females in water by them- 
felves during the act of parturition, and after 
about a yard has been excluded, have admit- 
ted an equal number of males.) The males 
‘afiumed. their proper ftation without delay, 
and began. to impregnate the tadpoles lyin 
clofe to the anus, without paying any Ad 
to the others. I faid above, as of they could 
forefee; for it is certain, that thefe animals 
have not fagacity to diftinguifh between thofe 
that are fit, and thofe that are unfit for im- 
pregnation. Theinftin&allotted tothem by Na- 
ture, prompts them to mount upon the.female, 
and in this fituation to impregnate the young. 
In fuch a pofture, they neither do norcan im- | 
pregnate any but thofe fituated near the parts 
of generation; and thus they unwittingly 
fulfil the great purpofe of Nature, the prot. 
pagation of the{pecies. Hence it is evident,|. 

| that although fecundation is external both a 
o ‘toads 
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toads and frogs, as it is commonly fuppofed 
to be in fifhes, it is not effected when the 
fetufes are feparated from the female, and lie 
‘at the bottom of the water. Of this truth, I 
have had the moft ample proof in every fpe- 
cies of frog and toad mentioned in thefe two 
differtations ; for when many pieces of cord 
have been put in veflels of water containing 
males, of which the feminal veficles were 
quite turgid, not one fetus out of fo large a 
number ever came to perfection. We mutt 
therefore conclude, that not a drop of feed 
‘was ever caft upon them, fince we have feen 
that a fingle drop is fufficient to impregnate 
great numbers. 

Grae A: Boh 

ARTIFICIAL FECUNDATION OF THE TREE= 
_FROG, AND THE GREEN AQUATIC FROG. 

XY WAS obliged to confine myfelf to a few 
experiments on the tree-frog, as well as on 

the water-newt, not on account of the diffi- 
culty of bringing the fetufes to perfection, as 
was the cafe with refpect to that diminutive 
quadruped, but on account of the few I pof- 
efled when I was engaged in thefe experi- 
ments. All the information therefore which 
_Jam able to give the reader, confifts in affur- 
ing him, that my attempts to produce artifi- 
cial fecundation were fuccefsful with four 
si couples 
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couples of the tree-frog, both when the feed 
and the juice of the tefticles was employed. 

I (hall therefore proceed to the green aqua- 
tic frog, a fpecies with which its prodigious 
abundance in the plains about Pavia has ena- 
bled me to make as many trials as I could 
with. Butin the firft place, let me dwell a 
moment upon the defcription of the parts of 
generation belonging to the male; thofe of | 
the female, have been already defcribed in the 
firft chapter of the foregoing diflertation. . 

After the abdomen has been opened, and 
the inteftines removed, the bladder, the femi- 
nal veficles, and the tefticles appear in fight. 
‘The firft of thefe parts lies very near the 
anus, and is apparentiy divided into two lobes, 
though it has in reality only one cavity, for 
it may be evacuated by opening either lobe. 
When the bladder is full, it partly covers the 
feminal veficles; but when the urine is eva- 
cuated, they. are feen very diftin&ly.. They 

| die a little higher than the bladder, and con- 
fit of a thin membrane, through which the 
feed is feen; it has the tranfparency of water. 
Each of the veficles is provided towards the 
top with a long appendix, which is infertedin 

. the epidydimis, and may be called the vas defe- 
rens. Four tefticles have been fometimes ob- 
ferved in the newt, an obfervation which I 
-have had occafion to verify. But frogs and 
toads are never fo richly provided. In the 
refent fpecies there are two tefticles, which 
a the colour of the yolk of an egg, and 

. are externally granulated like thofe of toads; 
they are very full of juice at the feafon of 
amours, as are alfo the feminal veficles 
OOS : 

CXXXIX. 
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CXXXIX. I ufed both the feed and the 
juice of the tefticles for artificial fecundation. 
My firft trials confifted in impregnating tad- 
poles, recently taken out of the, uterus of 
living females, with the recent prolific fluids 
of the male. I afterwards ufed thefe liquors, 
after they had been kept and were approach-. 
ing towards putrefaGion, upon tadpoles in 
like circumftances.. Laftly, I tried the effects 
of mixture with different fubitances. Thefe 
heads comprehend the experiments related in 
the foregoing chapters. The event was the 
fame, with the exception of a few flight va- 
riations. ‘The prolific liquors of the green 
aquatic frog preferved their qualities longer 
than thofe of toads; but they do not fo well 
refift the action of fudden heat. The feed of 
toads, expofed to a temperature denoted by 
32° fora few minutes, did not lofe its virtue 
(CXXXI), but that of this frog did in my 
experiments. The prolific liquors of the frog 
referve their efficacy when mixed with more 
fini urine than thofe of the toad will bear. 
The tadpoles of the frog fooner lofe the capa-. 
bility of being fecundated in the uterus of the 
dead female than thofe of the toad. Such are 
the principal differences. : 
CXL. I now proceed toan account of fome 

new experiments, which I hope will be ac- 
ceptable to the reader. I had on all occa- 
fions either completely covered the mucus 
which furrounds the fetufes with the prolific 
liquor, by means of a pencil, or immerfed 
them in a quantity contained’ in a watch- 
elafs, fo that every part was moiftened. But 
is it to be fuppofed that they muft be fo ex- 
actly covered? The queftion was of import- 
oe | ance, 
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ance, and experiment alone could decide it. 
The mucus is not drawn out into long cords 
as in toads (XLV, LX VIII); but is mould- © 
ed into balls or globules, of which each con- 
tains a tadpole. ‘'Thefe balls, when taken out 
of the uterus, may be eafily feparated. I 
bathed fome all round, others only over oné 
hemifphere, and others over one-third of 
their furface ; they were immediately put into 
water. The animation of all thefe tadpoles 
proved, that it is not neceffary to cover more 
than a part of the mucous fpherès with 
feed. The tadpoles of this fpecies are round ; 
one hemifphere is- white, the other black 
(XIV). Does bathing the mucus which is 
oppofite to the black or the white hemifphere 
produce fecundation moft certainly? Or is 
this an indifferent circumftance? Experiment 
{hewed, that whichever part is moifténed with 

| feed, the tadpoles are evolved alike. = 
~ In my laft trials I had not bathed a finallet 
portion than one-third of thé furface. But I 
did not ftop’here.. I reduced the fpace more 
and more, till there -remained not above the 
point of a pen, and even of a needle, ‘which I 
dipped into feed, and then brought once into 
contact with a ball; and: yet fecundation as 
readily followed, as when the globules were 
covered all over. I was‘next curious to know 
whether a quantity of feed fo inconfiderable | 
would fecundate the tadpoles lying conti- 
guous to the fphere thatI touched. I placed 
twenty-four globules in twelve watch-glaffes 
full of water; the twe globules in each glafs 
lay clofe to each other, and the vifcidity of 
the gluten kept them: in. this ‘fituation.. I 

‘then touched, with-the point ‘of a needle - 
Vor. II. L “dipped 



146 DISSERTATION IL 

dipped.in feed, one. ball.in,each glafs. .But 
as twenty-two tadpoles came to perfection, 
it appeared that, every. drop of. feed had im- 
pregnated two. I repeated this curious ex- 
periment with.the fame quantity of feed, and 
alfo: with a fmall addition. -In the former 
cafe the number of tadpoles.that grew to per- 
fectioniwas. double of that of the balls that 
were, touched: in the latter it always was ; 
nay, when two: globules were brought into 
contact with, that. which was teuched, the 
adpoles of both were very often. evolved. 
The feed therefore of the great aquatic frog 
is fo, powerful, that the fmalleft drop is fuf- 
ficient to impregnate feveral tadpoles. 
CXLI. Confidering that in this furprizing 

expetiment the fmall quantity of. feed mutt 
have. paffed. through the mucus, before it 
could fecundate the tadpoles, I thought it 
worth while to try what.would be the con- 
fequence of doubling the thicknefs of this 
fubftance, andufing the fame portion of feed. 
Having put with this view fome fingle glo- 
‘bules in watch-glaffes, I laid hold of the mu- 
cus withafmall pair of forceps, and ftretehed 
it about aninch. After fixing it in this fi- 
tuation, I touched the extremity once with 
the point of a needle dipped in feed. The 
tadpoles fometimes were fpoiled, but they, - 
hot infrequently, came to perfection, am evi- 

| dent proof that the drop of feed had traverf- 
ed the whole thicknefs of the gluten, for as 
it was extended in an horizontal direction, it 
could not be fufpected that it had run down 
the outfide. : Mish 
The next experiment bears a clofe relation. 

to this. About fifty globules were put into 
3 | | a glafs- 
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a glafs-tube hermetically fealed at the bot- 
tom. The tube was placed in a vertical po- 

‘ fition; and a ftratum about an inch thick of 
gluten was placed at the top; the gluten was 

fo fixed, that it rofe towards the circumfe- 

id 

rence, and was deprefied in the center, and. 
thus it formed a kind of funnel. Upon this 
was dropped a little feed, and as foon as it 
was loft (which foon happened), the gluten 
was removed, and the tubes were placed in 
water. When the quantity of feed was not 
exceedingly fmall, almoft all the tadpoles 
‘were animated, at other times feveral fpoiled. 

I repeated the experiment, fubftituting the 
white of an egg in the place of the mucus. 
But then not one tadpole was evolved. When 
I put a little upon the globules, it grew pu- 
trid and communicated the fame fermentation 
‘both to gluten and tadpole. 

The two firft experiments related in this 
| paragraph, fhew the wonderful efficacy of the 
feminal liquor of the frog, though in fuch 
{mall quantity in penetrating into the mucus, 
and pafling through it without Jofing its vir- 
tue. This phenomenon mutt be either ow- 
ing to the pores of this fubftance, or to ca- 

‘ pillary tubes wrought by nature, in order to 
imbibe the feed and tranfmit it to the body 
of the tadpole. The white of the egg being 
defigned for the firft nourifhment of the: 
chicken, an animal widely different from the 

tadpole, muft neceffarily be conftruéted dif- 
ferently from the mucus, which affords nou- 
rifament to the tadpole. Hence it is eafy to 
comprehend why the paflage of the prolific 
liquor through the white is impoffible, while 
it is fo eafy through the gluten. we 

Pha | | L 2 CXLII. 
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CXLII. Butif we are ftruck with furprize 
“by the fmall dofe of feed which is capable 
of effecting impregnation, the following ex-. 
‘periments will very much increafe this emo- 
‘tion. In the CXXXIVth paragraph I inti- 
mated that this fluid, when mixed with wa- 
‘ter preferves its efficacy, but I poftponed the 
‘particular difcuffion of this matter: I fhall 
now enter upon it. In my firft trial, equal 
quantities of the feminal liquor and ‘water ~ 
were ufed. Finding that this mixture was 
fit for my purpofe, I doubled the proportion 
‘of water. In every experiment l employed 
what was afforded by the veficles of one 
‘frog, which never exceeded three grains. 
‘But the effect was heightened very much by 
this increafe of water, infomuch, that twice 
‘the number of tadpoles was evolved: Not 
‘that the water concurred in producing this 
difference by any virtue of its own, but be- 
caufe the feed was fo much attenuated, that 
it might be fpread over twice the number of 
tadpoles. For the fame reafon, when the 
water was in the proportion of four to one, 
threé hundred came to perfection, whereas 
when thefe fluids were in equal quantities, 
not more than one hundred were cvolved. 
This fortunate refult gave me courage to try. 
the mixture of a pound of water with three 
grains of feed. And here my fuccefs was 
gréater than I could have conceived. ‘To my 
aftonifhment almoft all the tadpoles furnifhed 
by the uterus of two females, were brought 
to life by being immerfed in this mixture. 

Convinced that admiration fometimes takes 
-fuch ftrong hold of an obje& as to hinder 
reafon from confidefing it properly, I 

| fought 
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fought to leffen it by a reflection. When I 
put the tadpoles into water,. they funk, as 

-ufual to the bottom, where they weré held 
by the mucus. ;Now-did it ‘happen that 
the fperm, heavier perhaps than water, fell 
to the bottom, exactly upon the f{pot°on . 
which the tadpoles lay? If fo, fecundation’ 
was not produced by feed diffufed through fo 
much water, but confined to a:much naro 
rower compats. By this fuppofition, fhould it 
prove true, the wonder aa be verymuch lef-: 

| fened. The way I took to determinethis quef— 
tion was, to mix the feed of another frog with! 
a frefh pint of water. Now fuppofing the fpe- — 
cific gravity of the former liquid to be greater, 
it would go to the bottom in the fpace of ani 
hour. At the expiration of this time I fixed’ 
tadpoles at various heights in the water. If 
we fuppofe that the feed ‘fell to the bottom, 
it is obvious that thofe only which lay there. 
‘would be impregnated. ‘This indeed hap-: 
pened, but at the fame timeall thofe which: 
occupied different ftations were likewife im-. 

‘ pregnated, not excepting thofe which were at) 
the furface... Nor could I perceive that the! 
loweft had the advantage of ire evolved in 
greater proportion. The confequence is ob-' 

vious, the feed did not fall to the bottom, 
but was diffufed equally through ‘the mafs. 

‘ The firft furprize therefore returns. Three 
grains of feed may be diluted in a pint of wa- 
ter, without lofing their ftimulating power! 

+» CXLIII. The reader will eafily guefs, that 
after having carried the experiment fo far, I 
would urge it onwards, and employ quantities 
of water fucceflively larger, till the fecunda-' - 
ting virtue fhould be diminifhed or:deftroyed; 

13 | for 
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for it is natural to imagine that this muft 
happen at laft. I therefore next employed 
eighteen. ounces inftead of twelve, and 
the tadpoles placed at different heights . 
did as well, and were nearly as numerous as 
before. But the produc was lefs in two 
pounds of water, and about one-third lefs in 
three, four pounds were ftill more prejudi- 
cial. But notwithftanding this diminution 
of effect, I could not help wondering when I 
faw that even upon the addition of twenty- 
ve pounds of water, a few tadpoles received 
ife. | | 
CXLIV. We have already feen how fmall 

a quantity of pure fperm fuffices, a drop taken 
up by the point of a needle! (CXL). This 
truth appears with ftronger evidence, when 
three grains are diffufed in twelve, and in 
eighteen ounces of water (CXLII, CXLIII). 
But the facts which I am now to adduce, 
prove yet more farcibly that a quantity ‘in- 
finitely fmaller will produce the fame effect... 
How diminutive muft be the particles of feed 
comprehended in a drop of water {carce vifi- 
ble, and taken from a mafs of water of eighteen 
ounces, in which three grains of the femi- 
nal fluid have been diluted, the reader may 
imagine. ‘They are, notwithftanding, capa- 
ble of producing fecundation. I dipped the 
point of a needle into this mixture, and © 
touched feveral globules with it. The dia- 
meter of the drop taken up was about one-. 
fiftieth of a line. -'To my great furprize the 
tadpoles frequently grew to perfection. And — 
what added ftrength to this emotion was, 
to find that thofe imbedded in globules 
touched at one point, were evolved ee Sra RC a ale MS mR IS cea 
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. well, and as fpeedily, as thofe of others im- 
merfed in pure feed. IU | 
CXLV. Having feveral pounds of water, 

containing each three grains of feed, I was. 
unwilling to lay them afide before I had made . 
fome further experiments. I firft tried, whe- 
ther the water is réndered fterile by the fe- 
cundation of a numberof tadpoles. As many 
globules asa pound of water would contain 
were immerfed in it; they amounted to feve- | 
ral thoufands.. After they were taken out, 
others were thrown in; and thefe-came to 
life juft as well as the former; and fo did 
others afterwards immerfed. I was weary of 
repeating the experiment before the water 
loft its efficacy: I kept an account of the’ 
tadpoles of fifty frogs, which ‘were fuccef’ 
fively put into this water without impairing 
pesi DIGLI Povero 8312807 ARMA ie, BIAST 

I next tried, whether the fetufes of frogs are 

rf 

brought to.life fooner by a long continuance’ 
in'the water: A°pound was ‘divided into 
equal portions, and in one fome globules were’ 
kept immerfed foratecond, and then ptit into 
pure water); at the fame tini¢, other globules: 
were put into'the other portion and left in it’ 
but there did ‘not appear’ ‘to. be any difference’ 
in the evolution of'the tadpoles. © +, 

Laftly, I wifhed to know how Jong: water,. 
| containing’ fo'fmall a quantity of fperm, pre- 
 ferwes its qualities: It preferves them longer 

than'pure feed. It would-impregnate tadpoles’ 
thirty-five hours after the mixture, when the 
thermometer {tood' between 17° and 19° (2) 
in my apartment. |’ In‘an ice-houfe, in which 

(a) 17=70%; 19= 74% of F. | 
L 4 the 
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the thermometer ftood (4) 3°: above the 
freezing point. I have before obferved, that - 
putrefaction probably deftroys the prolific 
power of the feed (CXXXI). And fince it 
does,not fo foon run into this degree cf fer- 
mentation, when‘divided-by a large quantity. 
of water, we cafily underftand how it comes. 
to retain its virtue longer. sven 
iC kL VE: Eron-thehCXLth: itotguthe 
CXLVth paragraph, I have related experi- 
ments made with the {perm of frogs, without 
mentioning the juice of the tefticles.), But it 

‘ muft not be fuppofed that I have neglected 
to make ufe of it; the fingularity and beauty. 
of the enquiry in which 1 was engaged, re- 
quired that it fhould not be overlooked. I 
employed this juice in every trial mentioned 
in the preceding paragraphs; whenever I 
opened the feminal veficles of a frog, Lat the 
fame time took out its.tefticles. I was thus 
eafily enabled to remark the refults afforded’ 
by each of thefe fluids, andif there was any 
remarkable difference, it could not fail to 
ftrike me; but no fuch difference was ever 
perceptible. I may here clear ‘up a doubt 
fuggefted in the CX X Vth paragraph. - I there 
obferved, that the juice of the tefticles of the 
terreftrial toad with red eyes and dorfal tu- 
bercles, impregnated in like circumitances a 
fmaller number of tadpoles than the feed. I, 
was {peaking of it when mixed with other fub- 
ftances ;-and I fubjoined, that it was not in 
my power to determine, whether the defect 
was to be afcribed to inferiority of efficacy,» 
or to its thicknefs, a quality which prevents. 

(a) 3°3=39 oF 40. 

A, it it 
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it from being fpread over fo large a furface. 
The adito other fubftances, but efpe- 
cially of water, fhews, that the latter is the 
‘true caufe. I have found on many trials, that 
the juice of the tefticles, as well-of the frog 
as the:toad, imparts to water as great efficacy 

| asan equal quantity of the feed. 
- CXLVII. [mutt not omit to mentionano- 
ther circumftance of fome importance. The 
great abundance of each fpecies of toad men- 

. tioned in the two preceding chapters, which 
has fallen into my hands in the courfe of the 
prefent year, has enabled me to make as many 

“experiments with them as with the green 
aquatic frog; and I have obferved no effential 
difference in the refults. Frogs and toads’ 
conftitute but one genus; they copulate and 
propagate the: fpecies in the fame-manner; | . 
the refemblance of the organs of generation 
in both fexes is very clofe; the fetufes ‘are 

| impregnated in the fame way; they are alike 
imbedded in mucus: fo many marks of affi- 

nity eafily enable us to comprehend, why ex- 
periments fo numerous and various afford 
correfponding refults. .. sli 
Before I conclude my account of thefe at- 

tempts to effect artificial fecundation, I muft. 
make two obfervations.. Every experiment 
is not crowned with fuccefs alike. Suppofe, 
for inftance; five hundred tadpoles to be bathed 
with the feed of a frog or toad, and other five 
hundred: with that of another. Let the 
quantity of this fluid be the fame in: both | 
cafes, and imagine the. fetufes to be taken 
out of the uterus. : The effect will certainly 
follow ; we may be fure that the tadpoles will 
be evolved ; but we cannot be equally ne 
pie. * that 
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that the fame number, or nearly the fame. 
number, will be evolved; for it fometimes 
happens, that the whole of one five hundred 
come to perfection, while half of the other 
or more fail. So it falls out likewife when 
they are left to nature, as I have frequently: 
witneffed when I kept thefe animals in vei-. 
fels, in order to difcover the fecret of im- 
pregnation, and any follower of fuch pur- 
{uits may obferve the fame thing in the open. 
fields. In May we may fee in the ftagnant . 

‘ waters, in which frogs celebrate their amours, 
fome tadpoles that have lately quitted their 
mucus andare fwimming about, while others 
are {till involved in it; but they fhew figns 
of animation, and are feemingly eager to break. 
loofe from their confinement. If we fix our 
attention upon the latter, we fhall perceive 
in the heap. globules not clear and tran-. 
fparent like thofe which contain living 
tadpoles, but turbid, and of a muddy white 
colour; they have no motion, nor are they 
elongated like the others, but remain at reft 
and preferve their original round fhape. The 
fiflures upon the furface are evident figns, that. | 
the fetufes will never grow to perfection. 
‘The fame obfervation may be made upon the: 
long ftrings of toads. "This partial failire 
may be traced to two fources: it may arife 
either from the feed or the tadpoles. If 
every part of this liquor fhould not be equally 
prolific, the whole will not produce fecun- 
dation. Part alfo of the tadpoles may be. 
vitiated, and incapable of being impregnated... 
My fecond remark relates to the difference 

of time requifite forevolution. Though they 
fhould all be taken from the fame abbia 

i and. 
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and all equally covered with feed, yet they will 
not all be equally forward in their growth. 
There will be fometimes the difference of 

. a few hours, and fometimes of a whole 
day. It may be obferved, that of the lateft 
«more fail than of the others. This circum: - 
ftance guided me in my enquiry, whether a 
fimaller quantity of feed did not produce fuch 
fpeedy effets. This did indeed now and 
shee take place, but my often repeated trials 
convinced'me that it was but feldom. Upon 
the whole, thofe which were impregnated 

_ witha larger quantity of feed were not more 
‘advanced, and in a few inftances they were 
not fo forward. Upon weighing the feveral 
facts which I obferved, I was obliged to con- 
clude, that a larger», - fmaller quantity of 

_ feed is an indifferent cireumftance in this re- 
fpe&. ‘The tardinefs of evolution feemed to 
be owing:to the caufes fpecified above. 
CXLVIII. I will conclude the. chapter, 

with an anfwer to a queftion often afked con- 
cerning artificial fecundation.. Many lovers 
of experimental inveftigations have enquired, 
whether the tadpoles and newts which I 
brought into. fife, exactly refembled, both 
externally.and internally, thofe which are the 
product of pure nature; and whether I was 
certain, that they lofe the fhape of a worm in 
order to acquire the form of the fpecies. 
When firft Iwas thus interrogated, I was ac- 
quainted only with the few refults of my fir& 
experiments made in 1777, and confequently 
could not give a fatic ory anfwer. ““The 
lineaments appeared to be very much alike, 
both in the products of art and thofe of na- 
ture; but F had not then conceived any ae 

| | o) 
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of making a particular comparifon between 
them. After I had obtained my purpofe of 
bringing thefe animals to life, and they had 
grown to maturity, I was willing to enquire 
urther, though I f2w no reafon for fuppofing 

that artificial feeundation fhould alter the 
laws of nature. The comparifon was how-~ 
ever made in the prefent year (1780), and I 

can confidently aftirm, that upon the moft 
minute examination I have never difcovered 
the fmalleft difference, either in the external 
or internal parts; both the one and the other 
have undergone the accuftomed change at the 
time appointed by nature, the tadpoles be- 
coming frogs and toads, and the young newts 
lofing their gills and producing their legs. 
It is therefore evident, that artificial fecunda- 
tion does not produce the fmalleft alteration 
in the economy of thefe animals, but that 
every thing proceeds in the fame regular te- — 
nour as in natural fecundation. | : 

HH sh Bint Di 

REFLECTIONS. 

YFITHERTO I have feldom departed 
H from the duty of the mere hiftorian; a 
duty which I have difcharged with the greater. 
pleafure, fince the facts I had to relate had 
the recommendation of novelty. But it is, 
now fit that I fhould affume the character of 
the phuofopher; that I fhould analyze and 
compare .thefe. facts, and employ them not 
only for the further illuftration of fome truths 
which I have eftablifhed relative to genera- 

| . tion, 
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tion; but alfo for the explanation of different 
phenomena accompanying this admirable 
function. The following: reflections will, I 

hope, contribute to this purpofe. 
4. That the females De feveral amphibious 
animals contain in their uterus fetufes com- 
pleatly generated before the approaches of 
the male, is one of the principal propofitions 

. fhewn in the preceding diflertation. It is 
proved at length in paragraphs XVIII, XIX. 
XXXGLIV, LV, LVI, LVIIOLXXII. XC. 
It is confirmed in the CXXVIIth paragraph 
of this difiertation. ~,.Hence by paragraphs 

~ s . 

CX, CXI. are deftroyed the two famous {yf 
tems. of the Epigenefifis and the Vermiculifts. 
The facts ‘related in the prefent differtation 

_ furnifth a' new proof, or rather a demonftra-+ 
tion of their falfhood. .Let us take a fhort 
view of the queftion. Thofe who confider the 
{permatic worms as the immediate authors of 

| generation, muft of neceflity fuppofe, that 
they exift in the feed whenever tecundation 
takes place. It is therefore obvious, that 
according to this fyftem the feminal fluid © 

| will be. unprolific, when it ‘is totally defti- 
© tute of thefe inhabitants. And indeed its 
advocates admit this.. But it does not agree 
with fa&ts.- Though in the feed of the ani- 

mals fo often mentioned vermicule may be 
generally obferved, yet in that of two toads 

_. they were entirely wanting; but it impreg- 
nated tadpoles, juft as well as the femina} 
fluid of other individuals, however. well 
peopled that might be (CXXII). In the 

next place; when the feed of the frog or the 
| toad is mixed in equal quantity with human 

| urine or vinegar, the worms are all cara 
, , 7 The 



158 DIS:SERTALIO NH 

The feed, however, as I obferved in the pro- 
er place (CXXXIV), did not lofe its pro- 

lific power. It retained this power when a 
few grains were mixed with twelve ounces 
of water, and even with eighteen, though I 
could not diftinguifh a fingle {permatic 
worm, fo thinly were they difperfed through 
that large body of water. It ought like- - 
wife to be obierved, that in feed long kept, 
which yet anfwered the end juft as well, I 
often found the worms dead, and floating 
upon the fluid of the veficles, and likewife ° 
upon the juice of the tefticles. Laftly, IU 
could eafily bathe tadpoles with feminal li- 
uor abounding in worms, and yet prevent 

them from having the leaft concern in fe- © 
cundation. When a drop is put upon the 
object-glafs of the microfcope, every part 
of it is full of worms. But when a little 
evaporation has taken. place, they begin to 
uit the circumference, and affemble towards © 

the center, as the animalcules of infufions 
ufually do. As evaporation advances, they. 
continue to fly towards the center, though 
many are caught, and die in the dried part 
of the drop. At this time I could take up — 
with the point of a needle, at the edge of 
the liquor, many drops that were entirely 
without worms. ‘That I might be. quite 
certain, I placed what I took upon another | 
object-glafs ; and when I found that it was © 

> quite free from worms, I touched feveral 
tadpoles, and found that they came to per- | 
fection. My long experience in the world 

‘of microfcopical animals, whether belonging 
to man or animals, will, I hope, vouch for 
me, that I was not. deceived in this delicate — 

inveftigation. | 
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inveftigation. Thefe facts prove then irre-. 
fragably, that the fyftem of Lewenhoeck 
and his followers is falfe. 
CL. This fyftem; it is true, had been at- 

tacked by many naturalifts, among whom 
Vallifneri, my illuftrious fellow-citizen, is 
entitled to particular praife. But if we con- 
fider their arguments we {hall find that they 
are rather alluring, if I may ufe the exorer 
fion of the great Verulam, than convincing. 
Haller alone, the immortal Haller, has, in 
my opinion, produced an infuperable objec- 
tion againft the fpermatic worms, confidered 
as the authors of generation. It is deduced 
from his celebrated difcovery of the con- 
tinuation of the membrane of the yolk with 
the inteftines of the chicken. Now as the 
yolk exifted in the hen before fhe received . 
the cock, fo did the chicken likewife before 

_ fecundatron. Whence he drew this corol- 
lary, that the chicken had no dependence 

upon the fpermatic worms, which pafs from 
the cock to the hen. This inference, how- 
ever juft and direct it may appear, has not 
eftaped the fubtle cavils of fome, who have 

. objected the poffibility of an inofculation be- 
| tween the membrane.of the yolk, and thé 
| f{permatic worm coming from the male; 

whence they derive the continuation between 
that membrane and the inteftines, obferved 
by the phyfiologift of Berne. He, how- 

| ever, in his great work, and, after him, the 
acute Bonnet, have fhewn how unphilofo- 

‘ phical Yuch a fuppofition is. But it is cer- 
tain, that no fuch notion can be applied to 
my ‘obfervations on tadpoles, both’ becaufé 
they exift before fecundation, and becaufe in 

| experi- 
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experiments, in ‘which artificial fecynda» 
tion was produced (CXLIX), the fpermatic 
worms had no concern. | 

~ CLI. This fingular mode ‘of impregna- 
tion, equally demonftrates the falfhood of 
Epigenefis, or of that fyftem, which has 
been raifed from the dead, protected and ca- 
reffed by Buffon; who, by means of his or- 
ganic molecules, has created an imaginary or- 
ganic world, as his countryman Defcartes 
had before conftru@ed the whole mafs of 
exiftences, both organic and inorganic, with 
his fubtle matter.. ‘The fpermatic worms | 
having firft ftruck his fenfes, and being 
thence transferred to his fervid and creative 
fancy, loft their former name of animals, 
and acquired the new title of organic mole- 
cules.. What violence has ‘been ‘offered to 
nature by this unintelligible metamorphofis, 
I need not now attempt to fhew, pagina 
treated the fubject at length in my fecond 
Effay on the Natural Hiffory of Animals and 
Vegetables. But if I admit, for a moment, 
the reality of this extravagant ‘opinion, it. 
will follow, that whenever the feminal li- 
quor of animals is deftitute of worms, it. 
muft, according to this renowned naturalift, 
be alfo deftitute of organic molecules.. And 
as fecundation and generation depend upon 
the.various combinations of thefe molecules; 
feed that does not contain any of them muft 
be unfit for fuch purpofes. In the inftances - 
mentioned: in the CXLIXth paragraph, the. 
feed of frogs and toads muft therefore have 
been unprolific, which is diré&@ly repugnant 
to fac 

| PLL, 



DIL SSERTATIONI N i 
CLIT. II. The confutation of thefe {y{= 

tems confirms more and more this important 
| truth, that the young belong originally to 

the female, while the male only Pamir, a 
fluid, which determines them to affume mo- 
tion and life. . I would not indeed affert, 
that thefe little organized bodies are without 
motion before they experience ‘the a&ion of 
the mafculine liquor..: From: the time at 
whieh the tadpoles: in the ovaria fall under 
the cognizance of the fenfes, till they are 
about to be impregnated, they grow con- 
fiderably, infomuch that they are many 
times larger at the latter than at the former 
period. Now growth implies nutrition, nu- 
trition the circulation of the fluids, and cir-' 
culation depends on the pulfation of the 
heart. I therefore conceive, that, previoufly’ 
to the influence of the feed, there was a be- 
ginning of motion and life, but in a degree’ 
exceedingly dull and languid, from the ex- 
treme flownefs of the movement of the 
fluids; but this idea occurred to Haller and © 
Bonnet before me. Hence tadpoles would. 
never be fo rapidly evolved, or atttain that 
fenfible animation, which we denominate 
life, if they were not fubje&ed to the in-' 
fluence of the feminal fluid.. This raifes 
them from a {tate of apparent fhapelefinefs 
and immobility, and produces a due unfold- 

- ing of the limbs, and evident motion, and 
active life. Bova lr E 
» But the feed, in order to exert its power 
upon tadpoles, muft penetrate into them; 
for it is not likely that it can produce ani- 
mation by mere impreflion ypon the fkin. 
Are, the paths by which it enters perceptible 
Vor. IL M a ae to 
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to the eye? I have beftowed much attention 
upon this queftion, and the repeated in- 
ftances of Mr. Bonnet have ftill further en’ 
gaged me info difficult an enquiry. I there- 
fore examined fome mucilaginous globules 
difcharged by frogs, with a weak micro. 
fcope. ‘The mucous cover was fo tranfparent, 
that I might have fuppofed the tadpoles to 
be naked, if I had not a fure of the pre-' 
fence of the gluten: :But!I could not per- 
ceive any pore or aperture either on it or the 
tadpoles. - Neither did a glafs of more highly 
magnifying power fhew any fuch appearance. 
I. next ftripped the fetufes of their mucus, 
but difcovering nothing in thofe globules 
that were full, I-determined to try whether 
evacuating them would contribute to the fuc- 

. cefsof my enquiry. Making, therefore, an in-. 
.ciion with. a fmall fcalpel, I prefled out all 
the femifluid matter lying within, fo that no-. 
thing remained but the empty fkin or mem-? 
brane. . This was examined firft with a weak 
and: then with a powerful lens, when there 
appar nò immenfe quantity of lucid points, 
which may reafonably be fuppofed to be fo 
many pores. Ifaw the fame apertures upon 
the: tadpoles of toads. This fuppofition, 
therefore, fhews how the feminal fluid enters. 
into the body of the tadpole through innu- 
merable mouths. The prefence of thefe’ . 
Ss is aa upon every part of the fkin, ex=' 
plains a phenomenon before mentioned, why: 
fecundation takes: place whatever part of the 
globule, whether that which correfponds to 
the belly, or the head, or the tail, be touched * 
with feed; for when this fluid has PORN 

e ri ded VI ad the - 
ae a 
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the gluten, itis fure to meet with. paths pre- 
pared for its entrance. 
 €Litl. III. Thofe, who have fuppofed 
that the fetufes are not generated during the 
act of fecundation, but that they pre-exift 
Jong before, and are contained within the 
female, have explained their animation, by 
imagining, that the feed of the male enters 
into the fetus, and reaches the heart. By 
gently irritating the cavities of this organ, it 
excites alternate dilatation and contrattion, 
and thus the fluids are forcibly impelled into 
their _refpective veffels. . Hence follow, as fo 
many neceflary. confequences, the dilatation 
of the veflels, an increafe of the quantity of 
fluids, a greater irritability of the heart, an 
univerfal expanfion of.the folids, and con- 
fequently the growth of the animals both in 
bulk «and mafs... Such is the doétrine de- 
livered among others by Haller and Bonnet 
in their ufeful productions, and long before 
them by Vallifneri, who deferves the greater . 
praife, nce he was unacquainted with the facts 
that directly, prove the pre-exiftence. of the 
germ, and was guided only by the twilight of 
conjecture. When I confider the evident pul+ 
fationof the heart, whichis previous to the leaft 
motion.in any of the limbs, the evolution of 
the veffels and of the whole animal, which 
is confequent upon the action of this mufcle, 
its irritability,—that property, by virtue of 
which it refumes motion, when ftimulated 
by any. mechanical agent, at a time when 
there are no remains of irritability in the 
other mufcles, all thefe circumftances induce 
me to adopt the opinion of thefe writers. I 
fhall, therefore, with them confider the fe- 
aay E M 2 | ‘minal 
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minal fluid as a ftimulus, which penetrating 
to the heart, and powerfully irritating the in- 
ternal parts, . excites “more frequent and 
ftronger pulfations; whence arife that mani- 
feft extenfion of parts, and that animation 
which ever follow impregnation. |. | 

Both thefe effe@s are influenced by the 
temperature of the atmofphere. The faga- 
cious reader eafily conjectures, ‘ that. they 
will fooner take place in warm weather, and 
later in cold. “Tadpoles fecundated early in | 
the fpring, as thofe of the terreftrial toad 
with red eyes and dorfal tubercles, require 
feveral days to appear ; and if the heat fhould. 
be only a few degrees above congelation, ten 
or eleven are neceflary. On the contrary, 
the evolution of the tadpoles of the fetid 
toad and of frogs is very quick, for they are 
fecundated in May and June. I once ob- 
ferved, that when the thermometer ftood at 
21°, they became animated in lefs than 
twenty-four hours; whereas thofe of the very 
fame ipecies. (viz. of the green aquatic frog) 
did not arrive at this ftate till the fifth day, 
when the temperature of the air was about 
13° (2). The fame variation is obfervable in 
the fetufes of the water-newt, of fcaly 
fifhes, the tortoife, the crocodile, and in 
general of oviparous infects: and what is 
truly furprifing and fcarce credible, the dif- 
ference of temperature has the fame effect 
upon the eggs of birds, of which it might 
be imagined, that. they could not be hatched 
but in a determinate heat, fuch as that of 
the female, which is about 32° (4). In this 

i (a) 613 Of Fy ‘ (5) 322104 of F. 

pei RA I | temperature 
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temperature the eggs of hens are hatched very 
regularly in twenty-one days.. But by a di» 
munition of the heat, Mr. Villers, a fenfible 
.naturalift of Lyons, has retarded the appear. . 
ance of the chickens to the 2sth; and Mr. 
D’Arcet, by increafing the warmth, has hatch- | 
ed them on the 13th day. 
CLIV. IV. I have had occafion to make 4 

fingular obfervation upon the feed of the frog 
and toad, the proper ftimulant of the heart of . 
the tadpole. ‘ It is diftinguifhed by two pro» - 
perties from the feminal liquor. of other ani- - 

- mals. It is as tranfparent as water, and has 
not the leaft vifcidity... It evaporates nearly. 
in the fame time as water, and hence would > 
feem to have no fpirituous parts ; as is more- 
over evident from its not taking fire, when 
brought to the flame of. a candle, and ex- 
tinguifhing burning coals when it is thrown 
upon them. To the tafte it is infipid, and as 
it does not effervefce either with acids or al-. 
kalies, it muft be confidered as neutral. Thefe , 
qualities would appear to agree but ill with . 
the nature of a ftimulant, if; we underftand . 
by this term a pungent, cauftic, or fpirituous 
fubance. But this is not the fenfein which . 
Haller and his. followers confider thofe bo- . 
dies which ftimulate the heart, They mean 
fuch as are capable of irritating the fibres of, 

this mufcle, by which means it is excited to. 
motion, if at reft, or if otherwife to an in- 
creafe of action. To this clafs of ftimulants | 
belong the blood, water, air, and the femi», 
nal fluid, which will appear to be more pow- 
erful than the fluids previoufly circulating in: 
the tadpole; if we confider the flownefs of? 
their motion, 

M 3 CLY, 
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CLV. V. A quantity of feed.far more in- 
confiderable than we fhould ever have ima- 
gined, is fufficient to animate a tadpole.. We 
have feen, that it is not neceffary to cover the 
fetus compleatly with this prolific’ fluid. A ~ 
drop* will fuffice (CXL). Further, three 
grains mixed with'twelve, and even with 
eighteen ounces of water, communicate. to 
every’ part of it ‘the power of fecunda- 
tion, fince tadpoles placed in any part of the ‘ 
mixture areimpregnated (CXLII, CXLIII). 
The three grains of feed muit therefore have 
béen diffufed through the whole mafs of wa- 
ter. But what an enormous divifion of its 
particles “muft’ fuch a’ diffufion occafion? 
How fmalla portion of the prolific liquor will 
fall to‘the fhare: of each tadpole? Yet there 
are facts which prove, that the femen ftill re- 
tains its virtue after this exceffive divifion ; 
for I have found a globule one-fiftieth of a 
line in diameter taken out of a mixture of 
three grains of feed, with eighteen ounces of 
water, was often capable of fecundating a 
tadpole (CXLIV). Defirous of knowing the © 
proportion which the tadpole (that of a frog 
is two-thirds of a line in diameter) bears to 
the particles of feed diffufed in a drop of this 
dimenfion, I have found, on calculation, that 
it is as 106,477,777,7: 1. , How infinitely lit- 
tle, therefore, is the quantity of feed in 
comparifon of the bulk of the fetus which 
it fecundates!’ ‘This deduction led me to 
calculate’ the’ weight of the particles of 
femen difperfed in this drop of water: it is 
ees nas Dia a grain. That I might view 

thefe particles under every poffible afpe@, I 
205 re- 

dui 
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reduced their bulk to cubic lines,. when? it 
appeared to be about equal to RIPETE of a 
cubic line (a). | 

' CLVE 

(2) This note will Sheds, how I obtained thefe AeiB OT ) 
Afluming with Metzius, that the circumference of a {phere 
is to its diameter as 355:113, the folid contents of a 

{phere 3 of a cubic line in diameter will bel $ 2% 335. — 
riD7 red BOS 1136 

1420 of a cubic line, and this will be the bulk of a tad- 
9153 
pole to be fecundated. ; 

The folid contents of a fphere - of a line in diameter 

ahd MERE pe be A ee Et and this will be 
125000 113X6 | 847,500,00 

the mafs of the drop of water mixed with feed. 
The folid contents of a cylinder which has 37 lines. 

for the diameter of its bafis, and is’ 35 lines high, are 

HX Rac Ua bes head 22 222.; and this is exactly the volume of 
IIZX4 J 

water weighing 18 ounces, in which three grains of feed 
have been dropped. 

The folid contents of a cylinder of which the bafe is 
one line in diameter, and the height 10 lines, is 

meee 355. 3550 ; and this is the volume of the three 
113X4 452 

grains of feed. 
Now fuppofing that the feed is eejially diffufed in the 

water, the volume of water with the feed, and the volume 
_ of the drop of water mixed with feed, will be proportional. 

to the weight of all the feed, and to the weight of the feed 
mixed with the drop of water. Hence, as the weight of 
all the feed is three grains, it will appear from the rule of. 
three, that the weight of the feed diffufed in the drop of, 

water is = CO RE RE PR Pe FF grain. 

299:468,7 5050 
As in homogeneous bodies the weight is directly as the’ 

bulk, having the weight of the whole feed and that of the 
feed mixed with the drop of water, we {hall find by the, 

M 4 rule 
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CLVI. VI. Here I may be afked, how a 
portion of femen fo infinitely fmall can make 
fuch an impreffion upon the heart of a tad- 
pole as to accelerate its pulfations and in- 
creafe their ftrength, and thus to quicken the 
motion of the fluids and animate the whole 
fyftem. I would reply, that there are not want- 
ing examples in the-animal kingdom to give 
countenance to fuch.a fuppofition. A drop 
of the poifon of the viper, introduced into a 
wound, is fufficient to deftroy the irritability 
of the mufcular and. the fenfibility of the 
nervous fyftem, and to caufe the death of any 
animal, whether great or fmall.. A man, a 
dog, an horfe or an ox, are deftroyed juft as 
certainly as a {parrow, a goldfinch, ora moufe, 
If we confider fora moment, the proportion 
between the bulk of the venom and that of 
an horfe or ox, we fhall not be lefs furprized, 
that fo fmall a quantity of poifon fhould be 
fata] to thefe great animals, than that fo mi- 
nute a portion of feed fhould animate one in- 
finitely fmaller (5). But we have facts that 

more 

rule of three, that the bulk of the feed contained in the yo- 

lume of water is nearly — La of a cubic line. 
300,212,042:0 

If we now compare the bulk of the tadpole with that of 
| the feed contained in the drop of water, it will appear to 

be as 106,477,77737 1. 
. (3) I cannot but remark, that the author has been 
fomewhat unfortunate in the example which he has chofen 
for the purpofe of illuftration. Fontana has proved, by 
numerous experiments, that the effects of the venom of 

‘ the viper are directly as.its quantity, and inverfely as the 
bulk 6f the poifoned animal. ‘This is very ftriking in his 
trials on dogs, of which the fmaller fpecies were always 
deftroyed by the fame quantity that fometimes sig af 

: i migdie= | 
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more directly prove, how very fmall a quan- 
tity of feed may produce a confiderable irri- 
tation of the heart. A grain of itorax thrown 
upon the fire will fill a whole room with its 
odour. The particles therefore muft be dif- 
perfed through every part of it, and notwith- 
ftanding their extreme minutenefs, are capa- 
ble of vellicating the nerves of the nofe, and 
exciting the idea of a particular fmell. This 
vellication is fo ftrong, as to occafion fneezing 
in fome perfons of the more delicate fex.- If 
then the inconceivably minute exhalations of 
certain bodies make fuch impreffions' upon 
our organs, why fhould we wonder that a 
few particles of feed prove a ftrong ftimulus 
to the heart of the tadpole, ‘an organ fo much 
«more fufceptible of external impreffions, as 
It is more finely framed than ours? (© 
* CLVII. VII. But the quantity of feed re- 
quifite for the animation of a tadpole has its 
limits; it is not infinitely fmall. I have ex- 

| prefsly obferved, that the quantity above {pe- 
cified, was frequently fufficient for the pur- 
pofe (CXLIV, CLV). Whence it is to be 
inferred, that it fometimes failed. The di- 
minution of the dofe of feed afforded a more 
decifive proof. I put a drop of this fluid 
upon a fmooth pane of glafs, and drew it out 
with the point of a necdle, into a fine and 
almoft invifible filament, fometimes:an inch 
long. I then took feveral mucous fpheres 
and rolled them fometimes along half, fome- 

‘ middle-fized, and fcarce ever the large ones. From the 
data afforded by his experiments he calculates, that the 
poifon of feveral vipers is requifite to deftroy the life of a 
man, anda fill larger quantity tg killanox. T, 

times 
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times along a third, at others along a quar- 
ter of this filament.. This experiment.is. 
analogous to another related in paragraph 
CXLIII, where I obferve, that if three grains 
of feed be diluted in two or three pounds of 
water .inftead of a pound anda half,. fewer 
tadpoles will be.evolved, and that the num- 
ber continues to decreafe in»proportion to the 
increafe of the quantity of water. The por- 
tion of feed then necelfiary to produce fecun- 
dation, muft amount to a determinate quan- 
tity. ; 
ST am notwithftanding of opinion, that the 
quantity of feed which effects impregnation 
is {mall beyond conception, and nearly ap- 
proaching to what is {pecified in the CLVth 
paragraph. Hence I am inclined to believe, 
that the furplus does not contribute at all to 
fecundation. My opinion is founded upon 
the following confiderations. As fecunda- 
tion is an indivifible operation, if the fuper- 
abundance contribute to promote it, it can‘ 
only be by haftening the animation and 
growth of the tadpoles. This muft be in. 
confequence of a greater number of particles 
exciting the heart to ftronger vibrations. 
But fuch a notion is repugnant to facts; there 
is. no difference either in the time or the de- 
gree of evolution, whether the fetufes be en- 
tirely covered with pure feed, or only touched 
with an infinitely {mall drop (CLXIV). I 
cannot therefore imagine, what purpofe the 
furplus of feed can ferve, and am obliged to 
confider it as ufelefs. Nor 1s it difficult to. 
comprehend, how an invifible particle only. 
may be capable of producing fecundation, if 
it be confidered how inexprefiibly {mall ue 

| the 
- 
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the area of the veffels which it enters, for 
canals fo narrow muft refufe to admit above 
avery minute portion. | 

CLVIII. VIII. But a very obvious quef- 
tion occurs here. As thefe amphibious ani- 
mals are animated by fuch:a trifling quantity 
of feed, may. this difcovery be extended to. 
fithes, birds, quadrupeds and man? Or may 
it be afferted in terms {till more comprehen- 
five, that nature employs only fo inconfide- 
rable a portion of feed for the fecundation of 

| animals in general,?, The queftion is. curious - 
and interefting, but cannot I think yet be 
folved. for want of data. I am aware, that 
this opinion is poffible, nay, that the ftriking © 
inftance before us.renders it in fome meafure 
robable. .I cannot, however, be certain, that ° 

it is really fo, when I reflect upon the multi- 
plicity of means employed by Nature to attain 
the ot end. Perhaps, therefore, this fo-. 
-vereign Artift may allot various quantities of 
feed for fecundation, according to various 
qualities of animals. But im order to difco- 
ver whether fhe really admits fuch variety, I. 
can imagine no other way than that of com- 
arifon. Let us, for inftance, compare what 
appens in the amphibious animals which are 

the fubject of thefe Differtations, with what 
takes place in other clafies, as in fifhes, in> 
fects, birds and. quadrupeds. The know- 

ledge derived from fuch different inftances, 
may enable us to fix our ideas with fome de- 
gree of fafety. Wehave, I believe, but two 
difcoveries on artificial fecundation, that of 
Mr. Jacobi, inferted Berlin Memoirs (4), 

(a) Tom. 20. 

and 
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and mine. But without any defign to leflen’ 
the merit of that naturalift, I may be allowed 
to fay, that from his experiments we can 
only conclude, that artificial fecundation took 
place in the two fpecies of fifh of which he 
fpeaks. Thefe were the falmon and trout. 
After putting their mature, but unimpreg- 
nated eggs in clear water, he let fall upon 
them feed from the milt of the male, till the 
water began to grow white. In about five 
weeks the young fifhes made their appear- . - 
ance. This is the amount of the whole pa- ‘ 
per of Mr. Jacobi. It affords no information 
concerning the prefent queftion, -fince the 
German experimenter has not afcertained, 
with any degree of precifion, the quantity of 
feed neceflary to produce fecundation. In- _ 

- ftead of doing this, he has ftopped at the firit 
ftep,and has finifhed his trials juit where an in- 
guifitive naturalift would have begun them. 

But if experiments on artificial fecundation ‘ 
are not yet lufficiently numerous to afford the 
neceflary data, we cannot expect them from 
natural impregnation. A {mall fhare of in- 
formation concerning the generation of man ‘ 
and animals will convince us of this truth. 
It remains, therefore, that we profecute the 
experiments upon artificial fecundation in a 
rational manner. Befides the light which a 
feries of well-devifed trials would caft upon. 
the problem. propofed, it would certainly 
clear up many obfcurities in the hiftory of. 
animals. My enquiries relate to an’ order of 
beings, in which we are certain that fecun- 
dation .is external. But I invite naturalifts — 
to beftow part of their attention and fagacity 
upon that incomparably more numerous clafs, 

3 in 
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in, which it is equally certain, that this 
function is performed within them.. Of 
thefe, fome, as.is well. known, are ovipa- 
rous, others viviparous. It will be proper 
to keep fome females apart from the males, 
and to obferve the time at which they lay 
their eggs. We may then make upon the 
eggs fuch experiments as are defcribed in 
this. Differtation. I do not think it will be 
difficult.to adapt them to viviparous animals, 
if we ufe different means, and. fuch as will 
act internally, nor do I fee any reafon to de- 
{pair of fuccefs.. Attempts, apparently more 
arduous, have not difappointed the hopes of 
the adventurous enquirer, and fuch unex- 
pected inftances of fuccefs have occafioned 

- revolutions in natural philofophy. | 
‘ CLIX. IX. The feed, agreeably to the 
principles of Mr. Bonnet, is not only the fti- 
mulant, but the nutriment. of the fetus. 
The proofs of.his opinion are thefe. The 
organ of the voice in that mule, which is the 
product of the mare impregnated by the afs, 
very clofely refembles that of the male parent. | 
f the germ exift.in the female before im- 

_pregnation, it.muft have been a horfe in mi-. 
niature, and nota mule or an afs; the organ: 
therefore of the voice ought to correfpond to 
that of the horfe and not of the afs. The 
feed muft then have modified the organ of the. 
voice in the germ according to thatof the 

‘| male parent. In conformity with this model, 
the parts of this organ grow and are un- 
folded ; yet we know the afs contributed only — 
a fluid. It is therefore neceffary to admit, 
that this fluid nourifhes the component parts 
of the larynx, and that ‘it is' incorporated 

| “with” 
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with ‘their fubftance, fince growth is the 
natural and immediate effect of nutrition. 
The fperm then is not a fimple ftimulant, 
it is moreover a nutritive liquor. The na- 
turalift of Geneva ftrengthens his deduction 
by. the inftances of the growth of the beard 
in man, of the creft of the cock, and the 
horns of the ftag, which are certainly owing 
to the efficacy of the feed. 

Haller, in his great work, agrees only in 
part with the before-mentioned philofopher. 
He allows that thefe phenomena depend 
upon the feed, not indeed as a nutritive li- 
guor, but as an impelling or ftimulative 
principle. ‘The evolution of the hair, the 
horns, and the creft, is owing to the fperm, 
which, being received again into the blood, 
éxcites the heart, by its alcalefcent’ acri- 
mony, to attenuate by ftronger pulfations 
the vifcid juices, and to impel them: into, 
the fmall. veffels, by which means the pre- 
exifting germs of the hair and the horns 
pullulate, and the creft grows to a larger 
fize (a). With regard to the organ of the 
voice in the mule, its evolution arifes from | 
the greater power in the feed of the afs than 
the horfe, to unfold and enlarge the parts (6). 
It appears, therefore, that according to the 
Swifs phyfiologift, a ftimulating quality 
alone is fufficient, not only for the animas 
tion of the fetus, but alfo to explain thofé | 
phenomena, which, according to Mr. Bon= 
net, require, that the feed fhould be con- 
fidered as nutritive. - I {hall not prefume to 
decide between thefe great philofophers. I 

(a) El. Phyf. 1. xxvii. Se&. 3... (2) L.c. lib. xxix. . Ga Ens a pt 12s ty Seek 
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venerate their merits, and am better qualified 
to admire than to: judge them. I will only 
ebferve, with the utmoft deference, that in 
the frog and toad the prolific fluid cannot be 
fuppofed with any probability to perform the 
cata of a nutritive principle. I intreat the 
reader to call to mind what is faid in para- 
graph CLV, about the proportion between 
the bulk A the feed and that of i LADRI, PI 
it is nearly as 1: 106 . Suppofing, 
therefore, the tadpole POE. gel 59 ihe 
feminal fluid, its‘ growth would not exceed 
the bulk of the feed, that is to fay, it would 
be next to none. It may be added, that if 

the nutrition of the tadpole, at’ the com= 
mencement of evolution, came from the feed, 
thofe which were bedewed with the greateft 
quantity of this fluid, ought to grow fafteft 
and be evolved fooneft. Yet we know, that a 

tadpole touched with the moft inconfiderable 
drop, and one covered completely with this 

fluid, do not differ in this refpe& (CXLIV). 
1 therefore, from my experiments, cannot 
affign to the feminal liquor any other quality, 
befides that of a ftimulant. i 
«+ Though the preceding obfervations afford 
the ftrongeft reafons for believing, that the 
feed is a real ftimulus to the heart of the tad- 
pole; yet, as this is.a.mere hypothetical 
opinion, I was defirous of fubmitting it to 
the teft of experiment. Reflecting, that the 
ftimulating power of 4ny fubftance muft be 
enhanced by increafing'the activity of its parts, 
and that this end may be attained by heat, 
determined to warm the feminal fluid, and 
then to to moiften fome tadpoles with it. 
With this view.I mixed three grains of ans 

i ae A RIS ie 
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feed of the frog with half an ounce of water, 
and having heated it to 20° (2), I immerfed 
twenty tadpoles in it, and immediately after- 
wards removed them into pure water, in 
which the thermometer ftood at 17°. ‘That 
I might have aterm a comparifon, I fecun- 
dated other twenty tadpoles with the fame 
mixture, after it had acquired the tempera- 
ture of the atmofphere. The device was not 
ineffectual. The tadpoles fecundated in the 
heated mixture, were ten hours more for- 
ward than the others, a phenomenon which 
i cannot but attribute to the greater energy 
and ftronger.ftimulating power arifing from , 
the action of heat. | | 
CLX. X. The ftimulating power, which 

animates the embryo, is not loft, though the 
feed fhould have been kept fome time after it 
has been taken out of the body. This hap- 
pens alike, whether it be kept unadulterated or 
mixed with other liquors (CX X XI, CXLV). 
It is truly wonderful that a fingle drop fhould 
not be loft, when mixed with fo large a body 
of water(CXLII, CXLIII). Willthefeminal 
liquor of other animals preferve in like manner 
its efiicacy? For want of facts we mufthave re- 
courfe to conjecture. ‘The prefent inftance may 
be-an exception toa general rule and confined 
to a particular clafs, in which fecundation is 
external and takes place in water, and on this 
account the feed is expofed to circumftances, 
never experienced by that of other animals. 
But, on the other hand, it is poffible that 
thofe properties may belong to other fe- 
minal fluids. In my /econd Effay on the Na- 

(a) 30°=993, and 17=703 of F. 4 
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tural Hiftory of Animals and Vegetables I ob- 
ferve, that the feed of man, and various 
uadrupeds, does not become corrupt for 
everal hours after it has been taken from its 
natural receptacles. I confirm this obferva- 

tion. by fhewing, that the worms continue 
to fwim about brifkly for fome time, pro- 
vided it is kept properly heated. If, there+ 
fore, the feed ab man and quadrupeds pre-. 
ferve its natural qualities under thefe circum- 
ftances, why may it not alfo retain its fti- 
mulating power, which is the caufe of fe- 
cundation? And if fo, is the famous ftory 
of Averroes, concerning that unfortunate 
queen, who became pregnant after bathing, 
without any commerce with man, fo very 
ridiculous? © © 

Mead Ad iy ali, 
WHETHER FECUNDATION IS AN EFFECT 
. OF THE AURA SEMINALIS. WHETHER. 
OTHER LIQUORS ARE CAPABLE OF PRO- 
DUCING FECUNDATION. TRIALS TO 
PROCURE ARTIFICIAL MULES IN THE 
AMPHIBIOUS ANIMALS IN QUESTION. 
ARTIFICIAL FECUNDATION OF THE 
SILK-WORM. ATTEMPT TO IMPREG= 
NATE A BITCH ARTIFICIALLY. / 

preci A FA HETHER the grofs vifible 
| | part of the feed be neceflary to: 

the fecundation of man and animals, or, 
whether the invifible attenuated part, ufually 
You. Il. N called 
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called the feminal vapour or aura, be deftined 
to this purpofe, is a very ancient queftion, 
and ftill continues to be debated every day. 
Thofe phyficians and philofophers who fa- 
vour the latter opinion, are obliged to main- 
tain it from a fort of apparent neceflity, ra- 
ther than by any dire& reafons or experi- 
ments. They refle& upon obfervations made 
by diligent anatomifts; who have found the 
vagina of fome pregnant women either very 
narrow or entirely clofed. They attend alfo 
to other numerous obfervations, from which 
it would appear, that at the time of impreg- 
nation, the feed does not reach the uterus. 
Laftly they reflect, that the orifice of the 
oviducts, or Fallopian tubes, is fo narrow, 
that it will fcarce admit air, much lefs a 
probe. They conclude, that fo many ‘ob- 
ftacles muft prevent the feed injected into the 
female organs from arriving at the ovarium, 
where the embryos are lodged. Hence it is 
fuppofed, that fecundation muft be effected by 
the volatile part of that liquor, which either 
reaches the ovarium by the way of circula- 
tion, or by rifing through the mouth of the 
uterus and along the tubes. Notwithftand- 
ing thefe arguments, many other authors 
adopt the oppofite opinion; they think, that 
the grofs part of the feed operates impreg- 
nation, fince the narrow paflages are enlarged 
during the ardour of enjoyment, and fince 
there are not wanting inftances where feed 
has been found in the uterus, in the tubes, and 
even to heve afcended as high as the ovaria. 
That the uterus fhould often, after coition, 
be found without the fluid of the male, they 
confider as an objection of no weight, be- 

caufe 
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caufe the obfervation was probably made 
after too long an interval, when the feminal 
liquor ‘had pafled out of this cavity, or:be- 
caufe fo fmall a quantity had entered into it 
as to efcape the notice of the infpeGor. 

Such nearly are the arguments on each fide, 
but they are, in my opinion, infufticient to 
-decide the difpute ; the former, becaufe they 
do not irrefragably prove, that the volatile 
vapour alone reaches the ovaria; the latter, 
-becaufe though the grofs part fhould arrive 
there, it ftill remains doubtful whether the 
animation of the embryo is effected by this; 
or the attenuated part. To cut fhort all con- 
troverfy, it will be neceflary to feparate the 
aura, and to fubje& the fetus to its influence; - 
for it will either be impregnated, a manifeft 
proof in favour of the feminal exhalations, 
or it will not, and then we may conclude, 
with equal certainty, that the fenfible part is 
neceflary to fecundation. But this mode of 
deciding the queftion has not, I believe, oc- 
curred to any one, or at leait I do not know 
that any one has reduced it to practice. But 
from the facility of making experiments with 
the feed of the animals concerning which I 
ds been treating, this appeared eafy to be 
one. 
CLXII. The reader will recollect what has 

been before {aid of the efficacy of feed, after it 
has been almoft infinitely divided. A drop of 
water, one~fiftieth of a line in diameter, taken 
from eighteen ounces of water, with which 
three grains of feed are mixed, is capable of 
impregnating a tadpole (CXLIV). ‘This ex~ 

periment is apparently favourable to the fe- 
minal aura, which, di general opinion, | 

N 2 is 
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is nothing but the vapour of the feed exceed- 
ingly rarefied. The fa&s, however, which 
I fhall adduce, clearly prove the contrary. 
That I might irrorate tadpoles abundantly 
with this exhalation, I put a quantity of feed, 
amounting to eleven grains, taken from feve- 
ral fetid toads, intoa watch-glafs. In another, - 
‘fomewhat fmaller, I placed twenty-fix tad- 
poles, which were fixed very firmly to the 
ui by the tenacity of the gluten. I then 
‘inverted it over the other, and in this fitua- 
tion both glaffes were left five hours in my 
apartment, where the liquor of the thermome- 
ter ftood at 18°. The femen lay exactly under 
the tadpoles, and they could not but be in- 
volved in the rifing vapours, for the diftance 
was little more than a line. Upon infpecting 
the tadpoles at the expiration of the fifth 
hour, I found them fo covered with moifture, 
as to wet my finger when I touched them; 
the moifture was the evaporated part of the 
feed, which had loft one grain and half. The 
tadpoles, therefore, had been bedewed with 
one grain and half of the feminal aura, for . 
it cannot be fuppofed to have efcaped out of 
the glafles, they fitted fo clofely. The tad- 
poles, notwithftanding, being placed imme- 
diately in water, and left there feveral days, 
all perifhed. Me A 

CLXIII. Though this experiment is un- 
favourable to the aura, yet it ftood alone, and 
I could not avoid further enquiry. One grain 
and half ought indeed to fecundate many 
‘thoufands, much more twenty-fix. I how- 
ever chofe to increafe the quantity of vapour, 
which could be done by only increafing the 
heat. Placing every thing exa@ly as in the 

| former 
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former experiment, I fet the glaffes in the 
window, where the heat of the fun, being. 
moderated by the glafs through which it fhone, 
amounted to 25°, and could not therefore be 
prejudicial to fecundation. In four hours the 
fpheres were fo covered by the vapour, that 
drops were feen hanging from them. But 
the effect produced was the fame as before. 

I repeated this experiment once more, not 
fo much with a view of confirming the for-. 
mer refults, as to fee whether the feed, after 
part had been refolved into vapour, retained 
its efficacy. After the tadpoles were moiften-. 
ed with the exhalation, half of them were 
put, as before, into water, all which came 
to nothing... The other half were bedewed 
with a little of the refiduum, and then put. 
into water: they almoft all came to perfec- 
tion. Thefe experiments fhew, that the va- 
pour of the feed of the fetid toad is incapable 
of impregnating the young, and that the feed, 
after a confiderable evaporation has taken 

| place, is {till efficacious. . 
CLXIV. Both thefe confequences were. 

confirmed by fubfequent experiments. ‘The 
{pace between the tadpoles and the fperm was 
about aline: that the vapour might be more 
efficacious, I reduced it to one-third of 2 line ; 
but {till to no purpofe. OI 

. I have already obferved, that by the aura 
. feminalis the vapour of the feed is generally. 
underftood. . Some phyfiologifts think, that 
this exhalation confifts of the odoriferous par- 
ticles of that fluid; others that it is the moft 
attenuated part, and others again that it isa 

very fubtle fpirit. Whatever it be, it is cer-. 
. tainly incapable of producing fecundation. 

Bacar i N 3 Yet 
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Yet as fo fubtle a fpirit shige be thought to 
efcape at the meeting of the glaffes, I “deter- 
mined to obviate this fufpicion by cementing 
the edge of the upper glafs to the infide of 
the other. I moreover fubftituted a little 
glafs-funnel in the room of the upper watch- 
glafs, and cemented it as before ; the fmaller 
orifice was hermetically fealed. The tadpoles 
were faftened to the neck, and the furface of 
the feed was enlarged that evaporation might 
be quicker. I thought that the conical form 
of the funnel would colleét the aura into the 
ene! where the adpoles lay. ‘This new ap- 

ratus was kept fix hours in a heat of 26°, 
a the fetufes were furrounded continually 
by the vapour, but the event was ftill the 
fame, and the refiduum’ was: alfo efficaci- 
ous (CLXIID). 
When I tried the effets of thé aura in open 

veffels, where the air had free accel$, I found 
it puft as ineffectual.as ever. 
CLXV. My lait experiment made with 

this view was to collect feveral grains of the 
evaporated fluid. I then immerfed twelve 
adpoles init, and left them feveral minutes. 
Twelve more were touched with the refi- 
duum, which did not exceéd half ‘a grain, 
but eleven of thefe grew to perfection, but 
not one of the others. 

Thefe various faéts concur to prove, that 
fecundation in the fetid toad is not the effect 
of the aura feminalis, but of the perceptible 
part of the feed. But my enquiries have been 
extended further; the abundance of the 
toad.. with ‘red eyes and dorfal tubercles, 
and of the green aquatic frog, has afforded 
me. A ra tsps a of repeating upon 

cba tan :.. them 
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them the experiments defcribed in paragraphs 
CLXII, CLXHI, CLXIV, CLXV. But 
the aura appeared on all occafions incapable 
of producing fecundation. My few trials 
upon the tree-frog agree exactly with the 
others. ; ; 
CLXVI. As I had found the juice of the 

tefticles equally powerful with the feed, it 
was proper to make trial of its aura. I had 
ufed it with equal advantage, when pure and 
when diluted with water. I have evaporated 
it under both thefe circumftances in the fame 
manner as feed; but always to no purpofe: 
whence it was neceffary to conclude, that this 
aura is juft as inert as that of the feed. 
My experiments on thefe two fpecies of 

aura were made in the fpring and fummer of 
1777, and I then gave intimation of them to 
Mr. Bonnet, as may be feen by fome extra&s 
of my letters, inferted in the ufeful annota- 
tions on the third volume of the new edition 

. of his works. I repeated them in 1780, with 
the fame refult. i 
Thus then it appears, that in two fpecies 

of the toad, and as many of the frog, fecun- 
dation is not the effe& of the aura, but of 
the grofs part of the feed. But are we to 
fuppofe that Nature obferves this rule in ani- 
mals and man? Sound logic does not allow 
us to deduce from fo few fa@s a conclufion 
fo general. But thefe fa@s lead us to think 
the fuppofition probable. It is at leaft certain, 
that we may venture to admit it, till contrary 
facts fhail be adduced. And thus the great 
mecinps whether fecundation is the effect of 
the aura feminalis, is clearly decided in the 

Na . negative, 
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negative, with refpe& to fome animals, and 
with probability with refpeét to the reft. © 
CLXVII. I may here obferve, that it ap- 

pears from this, as well as the preceding 
chapters, that the part.of the feed which is 
capable of effeGing impregnation is not, as 
many fuppofe, a {pirituous liquor, of great 
volatility, and liable to lofe its virtue when 
expofed for fome time to the air, after which | 
there remains nothing but an effete matter, 
a kind of caput mortuum, as is-incident to 
many liquors, produced both by art and na- 
ture, which, on this account, are kept care- 
fully fhut up in veffels. But nothing like 
this happens to the feminal fluid, though it 
be expofed to the air for feveral hours; and 
after half had been driven off in vapour, 
the remainder was juft as fit for fecundation 
as that which had been recently taken from 
the veficles. The prolific liquor, to which 
thefe obfervations are applicable, may be 
compared in fome meafure to water. Whether 
this element evaporates, either from agitation 
of the air, or the action of heat, the refiduum 
retains the nature and properties of the whole 
mafs. But we may, on the other hand, re- 
mark a great difference. The vapour of wa- 
ter, when collected, pofiefles every property . 
of water ‘never fubmitted to this procefs, 
whereas the vapour of feed, though it may 
be converted into a liquid, does not retain 
its fecundating power. It mutt, therefore, 
be fuppofed, that the particles, when fepa- 
rated from the whole mafs, acquire fome 
bad quality, which’ difqualifies them '-for 
occafioning fuch an irritation of the heart of 
the embryo, as will produce animation; 
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though the minutenefs of the particles does 
not allow us to inveftigate the origin and 
nature of this bad quality. 
CLXVIII. I now proceed to the difcuffion 

of another problem, which will appear both 
new and extraordinary. It was propofed by 
Mr. Bonnet, in a letter concerning artificial 
fecundation. And although he was aware of 
its extravagance, he did not hefitate to com- 
municate it, in order that it might be put to 
trial. I cannot explain his idea better, than 
by laying before the reader an extract from 
his letter of the 15th of Augutt, 1778. ‘I 
will not conceal from you a vifion that has 
found its way into my head. Mr. Senebier 
muit have informed you of the fine experi- 
ment of Mr. Achard, who has fubitituted 

- electricity, in the room of heat, for hatching 
chickens, and. has fucceeded at leaft in part. 
If the electrical fluid be capable of caufing 
the evolution of the chicken in the egg, it 

i muft be owing to an acceleration of the velo- 
city of the fluids, or, what amounts to the 
fame thing, to an increafe of the irritability. 
of the heart. Now I thinkI have given 
ample proof, that the feminal liquor fecun- 
dates the germ, by exciting.the irritability of 

_ the heart. I could with then, my dear Mal- 
pighi, that you would fubftitute the electrical 
fluid in the ftead of the femen. Should an 
experiment fo original fucceed, the fecunda- 
tion would be far more artificial than that 
which you have fo happily effected. You 
may well imagine that I will not anfwer for 
your fuccefs : it is probable, that the electrical . 
fluid cannot perform the office of the feminal 
liquor; but we have feen fo many unexpected 
i events 
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events happen in the organized kingdom, that 
we cannot pronounce with too much caution 
concerning the impoffibility of any experi- 
ment, more efpecielly of fuch as relate to 
this iubje@&.—Should we have fufpected, that 
the polype poffefies fuch furprizing proper- 
ties? And after the difcovery of the polype, 

| who would have fufpe@ed the reproduction 
of the head of the fnail ?” 

Such were the expreflions of this profound 
contemplator of Nature. But various occu- 
pations of another nature having prevented 
me from continuing my obfervations on arti- 
ficial fecundation, it was not in my power to 
attempt this ftrange experiment, till the fum- 
mer of the prefent year (1780). ‘To confefs 
the truth, I doubted exceedingly of its fuc- 
cefs, not fo much for the reafons adduced by 
my celebrated friend, as on account of the 
ftriking difference between Mr. Achard’s 
eggs, which had received the influence of 
the male beforehand, and the tadpoles which 
had not been fubjected to it. 

Having placed upon the conductor a me- 
tallic veffel, containing feveral fetufes both 
‘of the frog and toad, I excited the cylinder, 
and fimply electrified them without fparks or 
fhocks. In the firft trial, the tadpoles were 
electrified three hours a day for two days fuc- 

-ceffively. As thefe became all putrid, I con- 
tinued the procefs in another experiment for 
four hours on three fucceffive days, but with 
no greater fuccefs. I then electrified nine 
tadpoles for thirty-three hours in the fpace 
of two days anda half, but the event was fill 
the fame. 
TEO Inftead 
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Inftead of placing the tadpoles in the fitua- 
tion already defcribed, I fixed ‘them to the 
point of a metallic rod arifing from the con- 
ductor, knowing that the electrical fluid would 
now be more concentrated and energetic. 
But I was not more fuccefsful, though they 
were electrified nineteen hours in two days. 
All thefe experiments were made in hot 
weather, and the tadpoles fhewed figns of. 
decompofition in three days. | 
«At the fame time I ele@rified other im- 
pregnated tadpoles: they grew fafter than 
thofe which were not electrified, an event 
that exactly correfponds with the accelera- 
tion of vegetation, occafioned by the ele¢tric 
fluid. From thefe experiments we may con- 
clude, .that electricity increafes the velocity 
of circulation in fecundated tadpoles, but not 
in the unimpregnated, probably becaufe its 
action is not fo mild and gentle as is neceflary 

_at this early period, and as that of the femi- 
nal liquor. | 
~ CLXIX. Before Mr. Bonnet imparted to. 
me his ingenious thought, and indeed at the 
time of my firft obfervations concerning ar- 
tificial fecundation, I conceived hopes of 
being one day the fortunate difcoverer of 
fome fluid, equally efficacious with the fe- 
men, though of a different nature. When 
I was employed about the impregnation of 
the toad with red eyes and dorfal tubercles, 

ahd had difcovered the efficacy of the feed 
Mitaken out of the 'veficles, Iwas ftruck, I 
know not how, by the thought of trying. 

Haile of the fame animal. 
I therefore moiftened fome tadpoles with 
blood, others with gall, others with juice 
CAN | exprefled 
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expreffed from the different vifcera, as the 
heart, the liver, the lungs; they were put 
into féparate veffels, and fome of thofe that. 
had been touched with blood and the juice of 
the heart, came to perfection. The furprize, 
which an event fo unexpected occafioned, 
may be eafily conceived ; but it may likewife 
be fuppofed that I fhould repeat this experi- 
ment. But the refult was now very different; . 

‘ not a tadpole was evolved. ‘The fame ill fuc- 
cefs.attended many fubfequent repetitions ; 
and I was obliged to conclude, that neither 
the blood, nor the expreffed juice of the 
heart, has any prolific power. But whence, , 
I {hall doubt be afked, the fuccefs of the, 
firft experiment? It arofe from an inadver- 
tency «which I afterwards eafily detected. 
The tadpoles were taken from an uterus, 
which I had touched with forceps, that had 
been ufed for taking fome drops of {eed out. 
of the veficles. Not being at that time aware. 
of the efficacy of an exceedingly minute 
quantity of feed, I had not. wiped the inftru- 
ment very carefully. On this account, it. 
muft have left an imperceptible portion upon. 
fome of the tadpoles, that were afterwards 
moiftened with blood and the juice of the 
heart. This explanation became more pro- 
bable, when I found, that of tadpoles taken . - 
out of the uterus with forceps, carelefsly 
wiped after they had been dipped in feed, a. 
certain number was always impregnated ; 
whereas this never happened, when the for- 
ceps had not touched this fluid, or when 
they had been diligently cleaned. This neg- 
ligence, and the detection of its origin, were 
excellent prefervatives againft the SEE I of 
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of like miftakes in future. They may alfo 
ferve as warnings to thofe who fhall be de- 
firous of repeating my experiments on arti- 
ficial fecundation, or of attempting others of 
the fame nature. i | 
CLXX. Convinced of the inefficacy of 

thefe liquors, I. laid afide at that time all 
thoughts-of trying others. My unfuccefs- 
ful experiments with the electrical fluid, 
renewed the fame train of ideas; butit was ra- 
ther left I fhould have reafon to reproach 
myfelf for having too foon quitted a purfuit 
entirely new, than with the hope of fuccefs, 
that I refumed thefe experiments. Guided 
by the great principle, that fecundation is 
the coniequence of irritating the heart by 
the feminal liquor, I was led to try acrid and 

 ftimulating fluids, fuch as vinegar, diluted 

-- 

{pirit of wine and urine; but thefe fubftances 
haftened the corruption of the tadpoles, in- 
ftead of fecundating them. The juice of 
the lemon and citron produced the fame ef- 
fe&s, though their acidity was weakened by 
the admixture of water. In the rind of thefe - 
fruits there is a ftimulating fpirit, which, 
upon {queezing, fpirts out in little jets, and 
takes fire when thrown into the flame of a 
candle. But this fluid, as well as many 
others, which I {hall forbear to enumerate, 
was totally inefficacious. 
CLXXI. We learn, both from ancient 

and modern hiftory, that the feed of one 
fpecies of animal, frequently impregnates the 
embryos of another, when there is a near re- 
‘femblance between them. A third fpecies,. 
ufually denominated mules, is the fruit of 
this impregnation. Thus the male goldfinch 

produces 
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produces with the female Canary bird, an 
antermediate fpecies ; as alfo does the white 
peacock with the common fort; and the 
pheafant with the hen. Among quadrupeds, 
the mules, which are the offsprings of the 
afs.and the mare, or the horfe and the fhe- 
afs, are the moft common. And the cele- 
brated Bourgelat has now eftablifhed, be- 
yond a doubt, that the wolf propagates 
with the bitch. Nor is it always neceffary, 
that the two fpecies fhould be very nearly 
allied. For wherein confifts the clofe re- 
femblance between the afs and the cow, or be- 
tween the ‘bull, the fhe-afs, and the mare? 
Yet the recent and certain obfervations of 
the fame French Naturalift, have proved, 
that the fingular fpecies of animal called the 
Fumart (a), is produced by the copulation 
of thefe widely differing quadrupeds, after 
its exiftence had been queftioned by modern 
writers, and exprefly denied by Buffon (4). 

Thefe inftances led me to entertain hopes, 
that I fhould obtain intermediate productions 
by impregnating the.embryos of one fpecies 
with the prolific liquor of another. In my 
Profpectus I propofed to enquire, what would 
be the event of attempting fuch experiments 
on aquatic and amphibious animals, bearing 
little refemblance to each other (c). If they 
{hould happen to be fuccefsful, it is obvious, 
how much fuch irregular productions would 
contribute to illuftrate the ob{cure function ~ 
of generation. 

(a) CEuvres des: Charles, Bonnet, Tom. V; (2) Hift. 
Nat. Tom. XIV. (e) Pi 68: 

PL 

_ Thawe | 
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I have profecuted this inquiry, but with 
{mall fuccefs. Having repeatedly morftened 
the embryos of frogs and toads with :the 
feminal fluid of the newt, and reciprocally, 
evolution has not taken place in any one in- 
ftance. My hopes of impregnating neigh- 
bouring fpecies with effect were much more 
fanguine. .I need not obferve, that the frog 
and toad are each amphibious, and ‘that they 
nearly refemble one another, as well in exter- 
nal appearance.as in internal ftru&ure. Befides 
this correfpondence of organization, their 
manners, actions, and ways of propagation 
are alike. Having, therefore, fixed upon the 
fetid terreftrial toad, ‘as its feafon of :genera- 
tion coincides with that of frogs, I:bathed 
with the feed of this toad, the tadpoles:of the 
green aquatic.and the'tree frog, and in return 
with their feed, I moiftened the tadpales.of 
the fetid toad. I did the fame with the frogs 
juft mentioned, ‘and thetoad defcribed.in-the 
CXXVIth paragraph. . The feed, :as wellas 
the juice of the tefticles, ‘was employed 
fometimes pure, and fometimes diluted with. 
water. But notwithftanding fo many iand 
fuch ftriking marks of refemblance, one 
fpecies could not ‘be fecundated iby:another. 
If :I did not«wonder, that liquors eflentially 
differing from:feed:were:not prolific (CLKIX, 

| CLXX), Imuft own: my iurprize at finding 
that {permatic liquors, which muftineeds.re- 
femble each other very :clofely, were inefiica- 
cious. Thefe experiments, however, though 
ineffectual, are not uninftrudive; they 
teach us, that from analogy we cannot learn 
when we may procure intermediate produc- 
tions. In generalowe cbferve, that they eet 

| their 



192 DT 85 “ER. ATUISOSN IE 

their origin to animals, in many refpeéts, 
analogous to each other; but fuch analogy is. 
nota certain fign of their being capable of pro- 
ducing together, as manifeftly appears oa 
experiment. In this branch of phyfics, as in 
numberlefs others, we muft not generalize 
our ideas, but are under the neceflity of con- 
fulting the oracles of Nature, .and  re- 
ceiving her anfwers with refpe& and atten- 
tion, as we proceed from one fpecies 
to another. If we would obtain illegiti- - 
mate productions, we mutt of neceflity em- 
ploy the feed of a different fpecies. It mutt, 
at the fame time, be capable of penetrating 
the embryo, and animating it by a bland 
and kindly impulfe. But we can learn from 
the effects alone, whether any given feed is 
endowed with thefe effential properties; and 
we mutt abide ftri&]ly by the refult of expe- 
riments. 

And as if thefe amphibious animals knew 
the inefficacy of their refpective feminal fluids, 
I have never, in the whole courfe of my in- 
quiries, feen them coupled. At the feafon 
of their amorous ardour, I have placed a 
male toad along with a female of his own 
fpecies, and a female frog; when difregard- 
ing the latter, he has flown to embrace the 

‘former. I have then feparated them, and 
taken away the female: but the male fhewed 
no defire of approaching the female frog, and 
feemed to be wholly bent on efcaping. And 
though I kept them together for feveral days, 
copulation did not take place, not even when 
the female began to difcharge her young, a 
timeat which the malesaremore than common: 
ly ardent, in order to fecundate the saat as 

| they 
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they are brought forth. I witneffed the fame 
inattention in the male of the fetid toad, to 
the female of the green aquatic and tree-frog, 
and in the male of the green and tree-frog,. 
for the female of the fetid toad. I know 
that male toads are commonly fuppofed to 
copulate with frogs, and that many, for this 
reafon, abftain from eating the latter during 
their amours. I, however,. have never met. 
with fuch conjunctions in the whole courfe of 
obfervations; nor did Roefel ever fee an in- 
ftancein Germany. I mutt, therefore, reckon 
this opinion among thofe numberlefs pre- 
judices, which have credulity and ill- 
grounded popular tradition for their only 
fupport. 
CLXXII. After having finifhed the fore- 

going paragraph, with which I intended to 
conclude the Differtation,, I read over the 
‘whole from the beginning, in order that I 
might correct fuch paflages as required cor- 
rection. The CLVIIIth paragraph induced 
me to attempt another experiment. I there 
invite naturalifts to try to fecundate fome of 
thofe animals, in which it is certain, that 
impregnation takes place internally. It was. 
now July, the feafon deftined for the amours 
of the filk-worm (a), in the Modanefe, and 
indeed in moft other parts of Italy. I 
therefore determined to try, whether any 
portion of my fuccefs, with different amphi- 

~bious animals, would attend experiments on 
this infe&. I recollected, indeed, the failure 
of the great Malphigi; nor can it be doubted, 

(a) Phalena Mori. Linn. Syft. Nat. 

Vor. II. O that. 
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thatfuchaninftancemayjuftly create diffidence 
in the boldeit experimenter; more efpecially 
as the celebrated Bibiena was not more for- © 
tunate, when he undertook to repeat and vary 
Malphigi’s-experiment. As I did not, how- 
éver; perceive, that it was impoflible to fuc-’ 
ceed, I did not think the attempt would 
argue any blameable prefumption in me. The 
unimpregnated eggs of the phalena originat- 
ing from the filk-worm, may be obtained in 
two ways. If the female be kept apart from 
the male, they may be collected after they are 
difcharged, or they may be taken from the 

f 

ay 
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matrix. The feed is to be taken from the — 
genital organs-of the male. Having pro- 
cured fome eggs in both thefe ways, I 
moiftened fome of them with a large 
quantity of feed, and others very fparingly, 
but to no purpofe. The fecundated eggs of 
this infect afiume a violet colour; the others 
remain yellow. My eggs, before they were 
moiftened with feed, were of this colour, and 
retained it afterwards; they moreover became 
foft, and an incavation appeared upon the fur=. 
face, figns that never fail to attend fterility. 
Thefe experiments were made with that’ 
fpecies, of which the eggs are hatched only 
oncea year, viz. in the fpring. And believe, 
it was upon this fpecies, that the great na- 
turalift of Bologna made his unfuccefsful 
experiment. 

I afterwards tried another fpecies, which is 
much cultivated in the cities of Lombardy, on |. 
account of its producing three generations in 
a year; one towards the end of the fpring, 
another in fummer, and the third in autumn. 

My 
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. My labour was not unprofitably beftowed 
upon the eggs of this fpecies. Many which 
I moiftened with feed, produced worms in 
‘proper feafon; nor is there any caufe to ap- 
prehend, left I fhould have committed fome 
inadvertence in my experiments. As foon as 
‘the laft change of form had taken place, I 
put the females under the receiver of an 
air-pump; the males were on the outfide; and 
either the fight. or the fmell of the females 
-allured them to the veffel, for they were con- 
ftantly fluttering about it. By thefe means, 
‘I fuppofed that the male organs of generation 
‘would be filled with feed. As foon as the 
‘eggs were difcharged, I bathed them with 
feminal fluid. Many of them, which were 

‘at firft yellow, began in a few days to turn 
‘brown, and at length affumed a brownifh 
‘violet hue; in about a week they produced 
little worms; thofe which had not been 
-moiftened with feed remained yellow, grew 
flaccid, and fpoiled. I procured fifty-feven 

fat two trials. | 
CLXXIII. This unexpected event gaveme 

‘courage to attempt another experiment. It. 
‘fhewed; that oviparous animals may be arti- 
‘ficially fecundated. Of viviparous animals 
‘T had before obferved with wonder, the arti- 
ficial impregnation in fome fpecies in which 
this function is external. It remained there- 
‘fore, as the reader will eafily guefs, to tr 

. -whether fuch experiments will fucceed wit 
thofe viviparous animals in which fecunda- 
tion takes place in the body of the female; 
an animal of fome fize, fuch as the cat, the 
dog, or fheep, feemed moft fit for my pur- 

| O 2 pofe. 
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pofe. This idea had been for fome time 
fermenting in my head, and I could not re- 
frain from difclofing it in an article written 
by me for the Pra/pectus of the new Italian En- 
cyclopedia, andentitled, Artificial Fecundation. 
Having propofed fome views refpecting the 
artificial fecundation as well of plants as ani- 
mals, I employed towards the end the follow- 
ing expreffions. ‘‘ Hitherto I have fpoken only 
of animals ufually called oviparous ; artifi- 
cial fecundation may perhaps, by different. 
means, and fuch as would a& within the 
body, be extended to viviparous animals. 
‘The reader underftands my meaning.” In 
‘the CLVIIIth paragraph of this Differtation 
I threw out the fame idea, and exhorted Na- 
turalifts to put it in practice; for after I had 
fucceeded fo eafily in impregnating different 
‘animals of another kind by art, I could not 
confider my project as very unpromifing. 
The event of my experiments on filk-worms, 
in which impregnation is internal, rendered 
‘my expectation {till more fanguine, and I 
immediately fet about to bring them to an 
iflue. I chofe a bitch fpaniel of moderate 
fize (a) which had before had whelps. Suf- 
pecting, from certain appearances, that fhe 
would foon be in. heat, I confined her in 
an apartment, where the continued a long 
time, as will be feen below. For greater 
fecurity, that. fhe might never be let loofe, 
I fed her myfelf, and kept the key the 
whole time. On the thirteenth day fhe be- | 

(a) Canis aquaticus, pilo longo erifpo, inflar ovis. 
Linn: Syit. Nat. 

i | “gan 
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gan to fhew evident figns of being in heat; the — 
external parts of generation were tumid, and 
a thin ftream of blood flowed: from them. 
On the twenty-third day the fecined fit for 
the admiffion of the male, and I attempted to 
fecundate her artificially in the following man- 
ner. A young dog of the fame breed furnifhed 
me, by afpontaneous emiffion, with nineteen 
grains of feed, which were immediately in- 
jected into the matrix, by inéans of a fmall fy-. 
tinge introduced into the vagina.- As the na- 
tural heat of the feed in animals of warm blood 
may be a condition néceffary to render fecun- 
dation efficacious, I had taken care to give the 
fyringe the degree of heat which man and dogs. 
are found to pofiefs, which is about 30° (4). 
Two days after the injection, the bitch went 
off het heat, and in twenty days her belly 
appeared {woln, which inducéd me to fet 
her at liberty on the twenty-fixth. Mean- 
while the fwelling of the belly increéafed ; 
and fixty-two days after the myection of the 
feed, the bitch brought forth three lively 
whelps, two male and one female, refembling | 
in colour and fhape not the bitch only, but 
‘the dog alfo from which the feed had been 
taken. ‘Thus did I fucceed in fecundating, 
this quadruped; and T can truly fay, that I 

‘ mever received greater pleafure upon any oc-. 
tia fince I cultivated experimental phi- 
Dippy. ot 8 ap ath renga 
CLXXIV. I have before obferved, that. 

nineteen grains ‘of feed were injected; but it, 
1§ proper to add, that the whole quantity 

(a) 9g or 100 of F. 

O 3 did 
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did not pafs into the uterus, Thirteen at mot 
arrived there, fince fix at leaft adhered to the 
fides of the fyringe. But we are not to con- 
clude, that impregnation was effected by all, 
of them. It feems beyond difpute, that a 
much fmaller quantity is fufficient. As the 
effect is produced in the ovarium, the feed 
muft pafs through the tubes, and who does 
not perceive, that fome mutt be retained by 
their fides, as alfo by thofe of the uterus? A 
very {mall portion muft therefore, in this 
cafe, have produced fecundation. Com- 
bining this experiment with thofe made upon 
amphibious animals, in which we have feen 
how {mall a quantity of feed fuffices, it may. 
with great probability be inferred, that the 
dofe of that vital liquid, by which Nature is 
renewed, is always éxceedingly minute, as 
well in the large as fmall animals. This in- 

- ference is ftill further confirmed by obferva- 
tions relative to birds; from which we learn, 
that a cock. fecundates at once all the eggs 
laid by the hen in twenty days. Hence, as 
one is fufficient for twelve or even twenty 
hens, he may every day be the father of thirty 
chickens (a). 3 to 

I conclude with a brief reflection.  Con- 
fidering my laft difcovery, I have no difficulty 
in believing, that we {hall be able to give 
birth to fome large animals, without the 
concurrence of the two fexes, provided we 
have recourfe, to, the fimple mechanical de- 
vice employed by me; and, at the fame 
‘time, take advantage of fuch favourable cir= _ 

(2) Buffon, hiftoire des oifeaux. 
cumftances 
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| cumftances as may promote the experiment, 
and ufe thofe judicious precautions which 
are indifpenfible. Meanwhile, refle&ing 
upon the phenomena which I have related, 
I am inclined to exclaim with Pliny, Miz 
intuenti Jepe perfuafit rerum Natura nibil ine 
credibile exiftimare de ed. 

Enp of DisseRTATION II. 
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DRG OA rici DA rip aed scala: 

FROM 

Mr. BONNET, or GENEVA, 

Refpecting the foregoing 

DEPRESSO LESEOO Nod, 

ARGUMENT. 

LITTLE before I delivered to the 
Printer the two Differtations on the 

. Generation and artificial Fecundation of dif- 
ferent animals, I tranfmitted a French tranfla- 
tion of the analytical index to my illuftrious 
friend Mr. Bonnet; for my numerous en- 
gagements did not allow me to fend him an 
abridgment of the Diflertations, notwith- 
ftanding I, as well as he, very much wifhed 
it. The great brevity of my communica- 
tion produced effects, equally advantageous’ to 
the public and myfelf, but fuch as I did not 
at all expect. From its very nature, the in- 
dex could only ferve to convey a fummary 

| of the contents, and was merely calculated 
to induce the reader to confult the Mer Ke 

elf, 
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felf. When I confidered that the Differta- 
tions would foon appear, I fuppofed that my 
friend would be fatisfied Sih the imperfe& 
account I fent to him: But I was miftaken. 
The perufal of the index excited a defire of 
fuller information concerning feveral parti- 
culars: and he wrote a long and obliging 
letter, which drew from me an anfwer, in 
which I endeavoured to reply to the feve- 
ral pertinent queitions propofed by Mr. 
Bonnet... My anfwer was followed by. a 
fecond letter, not lefs polite and interefting 
than the former. Such was the origin of 
thefe two letters. J] confider it as a fingular 
advantage, that I am authorized to publith 
them; not merely on account of their clote 
conne&ion with the Differtations, but alfoon 
account of their good fenfe, the philofophical 
views, and profound reflections which they 
contain; and becaufe they are recommended by 
that elegance (if I may be allowed to judge 
concerning what is written in a foreign lan- 
guage) which ever characterifes the produc- 
tions of this writer. ARA 
In the fir&, thofe paffages of the analytical 
index, which require explanation, are fre- 
quently tranfcribed.. It would have been fu- 
perfluous to publifh my reply, containing 
thefe. explanations, as I took it from my 
book: there the reader will find them, by 
having recourfe to the numbers of the letter, 
which correfpond to thofe of the Differta- 
tion. With this help, he will alfo enter bet- 
ter into the reafoning and reflections of Mr. 

’ Bonnet upon. thofe paffages of the index, of 
which he did not afk for any explanation, 

The 
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The fecond letter, which relates to my 

explanations, is in general very perfpicuous, 
In thofe places, both of this and the firt, 
which feemed ‘to require fome previous in- 
FOTRATOL: I have placed a few notes at the 
bottom of the page.. | 

LAT TORR “IL 

| | Genthod, Nov. 29th, 1780. 

‘My dear Friend, 

¥ WAS going to write to you at the time 
i I received your interefting letter of the 
7th, for which I return you many thanks. 

| My health, it is true, has been very much 
difordered this year. In the fummer, I had 
two tedious catarrhal fevers, the one imme- 
diately fucceeding the other; they harraffed 
me exceedingly, and very much affected my 
weak eyes. ‘The violent and repeated efforts 
of coughing, drove the blood into them 
in too great abundance. I could do nothing 
all July and Auguft and part of September. 
When I was firft attacked, I was very bufy 
about my numerous annotations on the Coz- 
templation. I had gone as far as the tenth 
yart. I could not refume this employment 

| immediately upon my recovery; it required 
too much application for my weak ftate. I 
therefore fet about the revifal of the different 

| memoirs 
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memoirs I had publifhed in Rozier’s fournal, 
Hence I was'led to compofe new ones on 
bees, fnails, and newts. ‘Fhey will compofé 
the Fifth Volume of the edition in Quarto; 
and that the prefs may not remain unemploy- 
ed, I have allowed my editors to print them 
as they are fent. The firft volume of the 
Contemplation was printed, when they began 
the fifth volume. ‘The Contemp/ation will take 
up the fourth volume. It will be enlarged 
about one-third. Hence it became neceflary 
to divide the volume into two parts. It will 
occupy three volumes in o¢tavo. You will 
eafily believe, that your name frequently oc- 
curs, and lam always highly gratified, when I 
have occafion to mention your fine difcoveries. 
But I have great reafon to regret, that I did not 
fooner receive the fynopfis of the new experi- 
fnents you have obligingly communicated 
tome. As I treat in the feventh and eighth 
ne of the reproduction of animated beings, 

cannot, as thofe parts are already printed, 
introduce many curious particulars noticed 
in your index. But I forefee, it will not be 
difficult to introduce many of your obferva- 
tions into the chapters not: yet printed. I 
will, therefore, go over the principal articles, 
obferving the order of your numbers. 

I. I perceive that you have found, by many 
experiments, that the fetus exifts before fe~ 
cundation in the green aquatie frog, thé tree- 
frog, the great terreftrial toad, with red‘eyes 
and dorfal tubercles, the fetid terreftrial toad, 
and in two fpecies of the water-newts (a). 

(a) N° I. of this and the fecond letter, are the only 
Numbers which have none to correfpond with them in 
the Diflertations. 

This 
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‘This fhort lift will doubtlefs be enlarged, as 

‘foon as your curious experiments are ex- 
tended to other fpecies; and you will always. 
have the diftinguifhed merit, of having laid 
open fo rich and beautiful a career, All 
direct means of proving the pre-exiftence 
of. the embryo in birds and quadrupeds, 
have by no means been employed. I, you 
know, have never doubted of this pre-exift- 
ence: all my reflections upon. generation, 
even in my youth, led me to confider it as the 
moft univerfal law of Nature. . To contrive, 
therefore, expedients for expofing the germ, 
which is undoubtedly contained in the ve- 
ficles of the ovarium of large viviparous ani- 
mals before the accefs of the male, is the 
firft requifite, Its tranfparency probably 
contributes as much as its minutenefs, to 
render the germ invifible before fecundation. 
Whatever would tend to leffen its tranfpa- 
rency, and to coagulate the embryo, would 
reduce it within the power of glaffes; fuch 

| experiments, fo likely to illuftrate the im- 
ortant and obfcure fubject of generation, 
ave been little practifed ; and I forefee, that 

if you will but confent to defcend into this 
of mine, you will bring away unexpected 
wealth; for Nature treats you as a favourite 
child, becaufe you underftand how to inter- 
rogate her properly. But though we fhould 
not be able to obtain a diftin& view of the 
germ in large quadrupeds and birds before 
fecundation, we may very juftly prefume, 
from what we moft certainly know concern- 
ing this interefting fubje&, that the. germ 
exifts beforeimpregnation,or thatits formation 
is not owing to the concourfe of the male 
and female, but bears date 2 primordia. pel: 

i | er’s 



205 eee Ae Byes os 

ler’s demonftration of the pre-exiftence of 
the chicken is not ftrictly dite; it does not 
produce the germ itfelf before fecundation, 
but -eftablifhes only the continuity of its 
membranes with the yolk, which incontefti+ 
bly exifts before fecundation, ‘This inquiry, 
has,. I think, been abandoned too foon; it 
has too haftily been determined to be beyond 
the reach of human abilities. I am per- 
fuaded, that if it had been conducted with 
the fame perfeverance, pains, and fagacity, 
as you have fhewn in your profound re- 
earches concerning the animalcules of in+ 
fufions and amphibious anitnals, far more 
direct proofs of the pre-exiftence of the germ 
in the females of oviparous and large vivi- 
parous animals, would have been obtained. 
There is fome contrivancé, not yet conceived 
by phyfiologifts, which, the moment they 
hall difcover it, and put it in practice, will 
afford the demonftration we fo much defire. 
Men fhould never be, in hafte to conclude 
that any inquiry is impracticable, merely be= 
caufe no relation appears between the prefent 
means, and the fact to be afcertained; for 
have all the combinations of thefe means 
been tried’? If not, who can be certain, that 
he is acquainted with all the relations be- 
tween thefe means and the fa&, which is 
prefumed to exift, and propofed to be afcer- 
tained? This reflection is ftrengthened by 
numberlefs inftances, recorded in every page of 
the hiftory of natural philofophy, and more 
efpecially of phyfiology. Confider how many 
inventions, for which the ancients would 
fcarce have dared to hope, even if they had 
had a diftant glimpfe of them, have tee 

| . tieic 
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thefe fciences! Could they have imagined, 
that the artificial fecundation of the gems of 
various animals would one day be accom- 
plifhed, and that chickens would be hatched 
without the aid of animal heat or of a ftove? 
Need I mention thofe admirable chirurgical 
operations, the miracles of the healing art, 
which are fcarce credible even to thofe who 
behold them? We are as yet incompetent 
judges of what is impoflible in philofophy ; 
for we always decide oti our prefent acqui- 
fitions of knowledge, which bear no propor- 
tion to Nature. Nature is immenfe; the 
poffible combinations of beings have no 
bounds, and the human underftanding is al- 
moft always too hafty in its decifions. The 
conviction of our ignorance or moderate at- 
tainments, ought to preferve us from defpair- 
ing of any thing in phyfics; we fhould fay 
to ourfelves, what I cannot difcover, another 
will lay open toeveryeye. But enough upon 
a fubject capable of affording a fmall volume 
of practical reflections; it is time to come to 
the interefting fketch of the work you are 
about to. publifh. I fhall be guided by the 
numbers of your paragraphs. 

XIEI. I find here, that you have imagined — 
a curious contrivance to prevent the fecunda- 
tion of the green aquatic frog. You do not 
particularize the experiment, and it excites 
my curiofity. I muft therefore take advan- 
tage of your friendly offer, to anfwer the 
principal queftions fuggefted to me by the 
perufal of your fketch. You may be fure, 
that I fhall make ufe of your anfwers. You 
fhall be my oracle, and I am certain that its 
replies will-be more intelligible and inftruc- 

: tive 
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tive than thofe of the Delphian oracle. How 
have you contrived to prevent fecundation in 
this frog? Probably the experiment has fug- 
gefted new information concerning the myf- 
tery of fecundation; for nothing here ftands 
unconnected. | 
XXVI. I cannot here underftand the fenfe 

of your expreflions, ‘° the fecundation of the 
eggs, though effected out of the body, pene- 
trates however a little way into it.” he the 
action of the feed propagated by the gelati- 
nous matterenveloping the eggs? But Iought 
not to try to find your meaning by conjecture. 

LIX. Iam glad that you have diftinQly 
feen the circulation of the blood in tadpoles, 
before they yet fhewed any figns of motion. 
Manyotherinteftinemovements doubtlefs take 
place in germs, before they are fufficiently de- 
veloped to move their little limbs. If germs 
are all originally enclofed one within another, 
many inteftine motions muft have happened 
in them fince the creation. But this admi- 
table fpectacle is referved for thofe fuperior 
intelligences, whofe piercing view penetrates 
into the moft hidden fprings of the machine 
of this world. Much has been faid of the 
involution (emboitement) of germs; the term 
is improper: germs are not little boxes en- 
clofed one within another; they muft have 
been integrant parts of the firft organized 
bodies that came from the hand of the Cre- 
ator. J have infifted on this point in one 
of my new notes on the Contemplation. It.1s 
of confequence to fix the meaning of terms 
precifely. | 
LXXV, LXXVI. You are then convinced, 

that the eggs of {caly fifhes lofe by deficca- 
tion 
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tion the power of being productive. You 
have feen the fame thing happen to the fup- 
pofed eggs of tadpoles; and you conclude, 
that the afligned explanation of the re- 
peopling of dried ponds is falfe. I was there~ 
fore miftaken, when in 4r¢t. CCCXVIII.. 
of the Confiderations on organized bodies, I 
thought of applying to the eggs of fifhes 
what my iliuftrious friend Trembley had ob- 
ferved with refpect to thofe of the tufted 
polype, which may be kept feveral months in 
the dry without lofing the power of producing. 
I however threw out an invitation to Natura- 
lifts on the fubje& of fifhes eggs: I faid, 
*¢ that it would be a curious experiment to 
keep different fifhes eggs for fome time in the 
dry, and then diftribute them in proper places. 
This fimple trial would afcertain, whether in 
fuch a ftate they can ferve to perpetuate the {pe 
cies. Nature is not fubjected to undeviating 
exa@nefs : In her operations there is a latitude 
which the Naturalift ought to ftudy, and 
‘which experiment. alone can detect.” You 
have accepted my invitation, and your expe- 
riments have not been favourable to my con-. 
je@ure. As you have not pointed out your 
manner of proceeding, Iam unable to judge 
whether it excludes the moft common natu- 
tal circumftances in ponds and pools. Many 
trivial particulars may produce a variation in 
the ato: You eafily guefs what I have 
in view; but I am not lefs inclined to ac- 
quiefce in the falfehood of my conjecture. 

_ LXXX. Strange way in which the male 
newt impregnates the female withaut copula- 
tion. I have never feen the fecundation of 
the newt; but my curiofity is much raifed: 

Vor, II. fa I beg 
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I beg you will inform me in what this 
ftrangenefs confifts! My brain has long been | 
difpofed, by frequently taking cognizance of 
prodigies, for the admiflion of the ftrangeft 
things; for fuch furely is the reproduction 
of the limbs in the newt, which has en- 
gaged my attention for fome years, and ftill 
engages it. I fhould probably have feen the 
a& of fecundation, if I had kept individuals 
of different fexes in the fame vefiel ; but my 
only aim was to obferve with my own eyes. 
thefe beautiful organic reproductions. 

| LXXXIV, LXXXV. You treat in thefe 
articles of the natural. fecundation of the eggs 
of the newt. Iam totally unacquainted with 
it, and fhould be obliged by a brief expla- 
nation. | 
XCVI. What forelcht do amphibious animals 

— fbewin the multiphcation of the fpectes? No- 
‘thing in the ftudy of animals interefts my 
curiofity fo toh as their forefisht. We 
frequently commit miftakes on this fubje&, 
and are apt to form very unphilofophical 
ideas; but of this I have faid enough in the | 
Contemplation, and elfewhere. We impute 
to animals, with wonderful facility, our own. 
forefight and our reafoning faculty. Could. 
they judge concerning us, they would reduce 
us to their ftandard ; for they would attribute 
to us their fenfations and actions.. Authors 
have run into the moft oppofite extremes in: 
confidering this topic ay have fought the 
medium, and hope that I have found it. You 
have a good right to decide. bars. 
XCVII, XCVIII, XCIX. I find here 

fomething relative to the induftry of ani- 
mals, and I dwell upon it with pleafure, 
having devoted one whole chapter of the Con- 

3 . templa~ 
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templation to the amours of the toad which you 
confider here. You enquire, Why the male frog 
and toad embrace the female fo clofely and fa 
long? I had prefumed, that fuch a long con- 
tinuance had fome fecret final caufe; but I 
was unacquainted with any obfervation which 
could guide me to that caufe. lexpe& from 
your friendship the inftruction which I want. 

_ I fhould fufpe&, that the embraces tend to 
facilitate the defcent of the eggs or the tad- 
poles into the du&s, and thence into the 
uterus, and moreover, perhaps to aid the 
expulfion of the embryos. I meet in every 
part of your fketch with enigmas, and hazard 
my conjecture without hoping that it is the 
true explanation. | 
CII. Has the interefting obfervation of 
Mr. Demours, concerning the amours of the 
toad, of which I made ufe, given occafion to 

| any critical reflection? Was the obferver de- 
ceived? He certainly ftood in a good fitua- 

| tion for obferving. er 
CV, CVI. Here you do not feem inclined 

to abide by the current accounts of the fecun- 
dation of fcaly fifhes. You fpeak of uncer- 
tainties, what are they? Do you doubt 
whether the male emits his m/f upon the 
eggs? Or whether he repeatedly rubs the 
belly of the female? Or of both thefe ac- 
counts? My own faith was very unfettled 
upon thefe points. I could no where find 
decifive obfervations. It is aftonifhing fome- 
times to fee Naturalifts remain fo long and fo 
quietly in doubt, about the moft interefting 
queftions, and make no attempt to folve them 
by the eafieft obfervations and experiments. 
The mind, naturally fo active, is yet often 

P 2 very 
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Haus; sn very indolent. To contrive an infignificant 
experiment, or a {mall apparatus, requires as 
pe: great an effort as to undertàke a journey. 

Such obfervers only as you are always 
alert; fuch only have their minds always in 
action and forming combinations. You have 
made more difcoveries in five or fix years, 
than whole Academies in half a century. I, 
however, who know the labourer, and the 
richnefs of the harveft, am not at all fur- 
prized. When, in 1765, you obligingly afked 
my opinion on the department of Natural 
Hiftory to which you fhould apply, I eafily 
forefaw how-much that fcience would one 
day be indebted to you. Your firit produc- 

tion on the animalcules of infufions, fulfilled 
my ‘predi&@ion, and-your interefting letters 
upon the wonderful reproductions of the 
earth-worm, the fnail, and the newt, were 
new confirmations of it. I have contem- 
plated, from the filence of my retreat, your | 
gigantic progrefs in that fine career. 

CVIII. From this article I learn, that the 
fecundation of the newt differs from that of 
other animals; but I am not informed in 
what the difference confifts. The modifica- 
tions of the great laws of Nature chiefly ex- 
cite the attention of the philofophical Natu- 
-ralift. They ftrike him with the greater 
* force, as they fhew the endlefs variety of the 
-CREATOR’S refources, and of thofe fubor- 
dinate means, by which his Wispom pre- 
ares the firft developement of animated 
eings. It was not confiftent with the 

. economy of the world; that all generations 
fhould exift together in a ftate of complete | 
evolution; The earth could neither have 

COn- 



MRO" "aj 
L'E TOO 

I ae | Bi 
contained them, nor fupplied them with foo 3 Ap 
‘They were, therefore, placed one within 
another, in a feries continually decreafing, . 
-and loft at laft in the abyfs of infinite little- 
nefs. ‘The generations are therefore de- 

veloped, one by means of another, and 
‘their growth is proportional to the order of 
degradations. ‘Thus they are gradually ad- 
vancing out of impenetrable darknefs, and at 
‘length arrive at the term, which feparates the 
vilible from the invifible, and from which, 
-by the aid of fecundation, they infenfibly 
-arife to the degree of perfection competent 
to the fpecies. But as animated beings are 

‘greatly diverfified, fo likewife are the laws 
which prefide over their. developement.’ 
‘Hence refult many varieties in the forms which 
they fucceffively aflume, and in the mode and 
effects of fecundation. The delineation of 

»thefe phafes and varieties, conftitutes the 
-moft engaging part of the hiftory of gene- 

, ration. _ 
CXXIII, CXXIV. From your numerous 

experiments on artificial fecundation it ap- 
pears, that attempts of this kind upon germs, 
while yet in the ovarium, or at.the upper 
end of the ducts, will fail. Ican, I think, 
affien the reafon. ‘The feed acts on thefe fer 
tufes as a fimple ftimulant.. Now there is an 
original relation between the latent power, 
‘which caufes the irritability or the con- 
‘traction of the mufcular fibre, and the pre- 
fent ftate of that fibre. If it has not yet atu 
tained the neceffary degree of confiftence, it 
will not be in proportion to the mode of 
action of that power, and its impreffion wil] 
‘therefore produce no effect. The germ mutt 

| | 3 have 
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have arrived at a determinate growth before 
it can be fufceptible of irritation. Such was 
the reafoning of the great Haller. 
CXXVIII, CXXIX. I find here a parti- 

cular which embarraffes me. Artificial fe- 
cundation, you fay, does not fucceed in the 
newt with pure feed, and it is neceffary to di- 
lute it with water. But pure feed is the effi- 
cient caufe of natural fecundation: how then 
«comes it to fail in the artificial? does the air 
infpiffate it too much, or is it mixed with 
fome thinner fluid at the inftant of its emif- 
fion from the male. I know not what to 
think. You will inftru& me. 
CXXXIV. The feed does not lofe its prolific 

virtue, though incorporated with other liquors. 
I have great pleafure, my dear philofopher, 

‘in feeing you found Nature, by means of 
combinations which fhe never made. Pre- 
ceding phyfiologifts did not conceive the idea 
of fuch combinations. But what liquors 

. did you mix with the femen? it does not, 
it feems, mix intimately with them; there 
is no chemical folution, fince the fperm re- 
tains its prolific virtue—it is at leaft very. 
certain, that it is not decompofed by thete 
different liquors, for decompofition would 
deftroy its ftimulating power. How do you 
reafon on thefe facts? 

CXLIII. Three grains of feed incorporated 
with eighteen ounces of water, retain perfectly 
their fecundating virtue in the green aquatic 
and in the tree-frog. Three grains diluted with 
two hundred and fixty-four ounces of water, 
do not altogether lofe their efficacy. This 
would never have been fufpected; what won- 
derful energy muft this fingular ftimulant 

| De | poffefs ! 



È ROLE RE ars 

_ spoflefs! fince it is not fenfibly weakened, 
when three grains are mixed with eighteen 
ounces of water, and is even perceptible, 
when they are diluted in two hundred and 
fixty-four ounces! thefe three grains of feed 
apparently are diftufed through this body of 
water, as three grains of mufk are diffufed 
through the air of a large apartment; they ne- 
verthelefs act upon the fmell, and irritate the 
nervous fibres; this irritation illuftrates the 
effect produced by feed diluted in a large 

| quantity of water, upon the mufcular fibres 
of the heart of the embryo. | 
CXLIV, CXLV. Other remarkable ex- 

periments upon a little feed, mixed with a great 
guantity ef water. Experiments fo new and in- 
{tructive, could not be too much varied; and 
it is with great fatisfaction I obferve, that 
you have taken advantage of Nature’s com- 
plaifance. I beg you will give me further 
‘inftruction on this head. 

_ CLII. The feed fecundates tadpoles by pene- 
trating into their diminutive bodies. Small 
openings for its admiffion. Such circumftances 
have always been more interefting to me, 
than any thing in the hiftory of fecundation. 
I have, always, you know, prefumed that 
fecundation was effe@ed from without; and 
you may recollect, that I once defired you 
to fearch for the little pores, which I 
imagined Nature had wrought in the covers 
of the germ, for the introdu&ion of the 
feed: You have now difcovered them, and I 
congratulate you moit fincerely. The dif- 
covery is of high importance, and I am quite 

_ impatient for the particulars. I haveobferved 
in a new note, Chap. X. part. 7. of the 

ar Contempla- 
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Contemplation, “* What happens openly du= 
ring the fecundation of the eggs of amphi- 
bious animals, takes places in ether claffes in 
the obfcurity of the ovarium. |The egg is 
always fecundated externally, both in ovipa- 
rous and viviparous animals. The fuppo- 
fition followed very naturally, after the em- 
bryo was allowed to exift entire in the egg: 
the obvious inference was, that the feed acted 
only as a nutritious and ftimulating principle. 
But this fimple and philofophical notion of 
fecundation could not be conceived by thofe 

who. reject all organic preformation, and 
imagine, that the embryo is mechanically 
formed by certain powers of affinity (forces 
de rapport) or by the fucceffive juxta-pofition 
of certain molecules if{uing from the male and 
female, which had been moulded within 
them. aX: 

CLVIII. Whether the fnall portion of feed, 
employed by Nature for the impregnation of 
amphibious animals, affords reafon to fuppofe 
that large animals alfo are impregnated by 
So inconfiderable a quantity. I am very de- 
firous of knowing your thoughts ona fub- 
jet, which has never been properly difcuf- 
fed, becaufe, before it could be properly dif- 
cuffed, it was necefiary to make thofe fine 
experiments, which you have fo well executed 
on amphibious animals, and which yet were 
not fuppofed to be poflible. If the ovaria of 

‘an ewe, bitch, or cow, could be laid bare 
without endangering life, your queftion might 
be decided :by experiments like thofe on am- 
phibious animals, which fuggefted to you fo 
.many new truths. You might touch with 
the end of a pencil, dipped in-the feed of the 
bee 4 3 . male, 

/ 
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male, one or more of the veficule of the 
ovarium ; and if the wound could be healed 
without deftroying the effect of fecundation, 
you would find the quantity of feed neceffary 
for this purpofe in large animals. This fin- 
gular experiment would perhaps fucceed bet- 
ter on the greater oviparous f{pecies: . If it is 
to fucceed at all, it muft be in your hands. 

. You have accuftomed me to expect much 
from your dexterity and perfeverance. Should 
you only be fortunate enough to perceive an 
incipient evolution.of the germ, it would be 
fufficient for our inftruction. There are obfer- 
vations which directly prove, . that the fetus 
may be developed in the ovarium. | You 
might alfo try to inject different quantities 
into the matrix. Should the fmalleft portion | 
prove as eflicacious as the greateft, it would 
become very probable, that the fecundation of 
large animals differs but little in this re- 
{pect from that of the amphibious clafs. 

. CLIX. The feed of amphibious animals feems 
to be a fimple ftimulant, and not a nutritious 

fluid. I think I perceive the foundation of 
your, conclufion. You cannot reconcile the 
{mall quantity of feed fufficient for fecunda- 
tion, with the idea of a fluid, deftined .to 
fupply all the parts of the embryo with their 
firlt nutriment.. You calculate (CLV), that 
the bulk of this portion of feed, is to that 
of the embryo, as 1 to 1064777777. There 
can, therefore, be no fort of proportion be- 
tween the nutritious fluid, and the embryo 

to be.nourifhed. I fhall not conteft the juit- 
nefs of your-inference, as far as it regards 
amphibious animals; but I do not think you 
can extend it to large animals: ‘The mules 

È: | produced: 
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produced by them furnith facts, which render 
it impoflible to doubt, that the feed modifies 
various parts of the embryo: I have given 

‘ feveral inftances; the feed is therefore car- 
ried to thefe parts, and how can it be ima- 
gined to change their forms and proportions 
without penetrating into them (2)? Con- 
fider, in particular, the larynx of the great 
mule. Lam brief; but you, who underitand 
my principles as well as I do myfelf, will 
cafily comprehend my meaning. 

CLXVII. The feed 1s not a /piritueus nor 
very volatile liquor, as fome philofophers have 
gmagined. 1am glad you have afcertained 
this; but after having fhewn what the feed 
is not, have you difcovered what itis? We 
well know, that it is one of the moft highly 
wrought fluids in the animal body. Have 
‘you made any chemical experiments upon it? 
I have always entertained a fufpicion, that it 

~~yery much refembles the nervous fiuid, I 

(a) When the experiments related in this work, fhall 
be attempted upon large animals, as there is every rea- 
fon to hope that they foon will, with fuccefs, I do not 
think there is any great temerity in predicting, that 
this favourite hypothefis of Mr. Bonnet will be proved to 
be falfe. lt was long fince rejected by Haller,.the moft 
candid and acute examiner of phyfiological hypothefes; 
and Spallanzani has furnifhed a very powerful additional 
argument, derived indeed from analogy, but more cogent 
than any proof in favour of it. There are numberlefs- 
examyes, of parts of the fyftem being deeply affected by 
fubftances not in contact with them. © Nervous fympathy 
is called in to explain fuch phanomema, and to-what elfe 
is it pofible to impute them? Phyfiologifts will, in like 

- manner, I fuppofe, deduce the changes produced by the 
feed of one fpecies upon the embryo of another, from the 
fame caufe. T. 

have 
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have proved, that irritability muft depend 
on a very active fluid, diffeminated among 
the mufcular fibres. Contemp. Part. X. Ch. 
33. The feed of amphibious animals, which 
is the ftimulant of the heart of the embryo, 
may have a certain affinity (rapport) with the 
fluid difperfed in the fibres of this impelling 
organ. Here we find depths that cannot yet 
be fathomed. | 

| CLXVIII. The electric fluid accelerates the 
evolution of fecundated tadpoles, but does not 
animate thofe which are impregnated. I thank 
you for having tried, as I propofed, whether 
the electric fluid might be fubftituted inftead. 
of the feminal liquor, in the artificial fecun- 
dation of tadpoles. It did not anfwer, and 
you may imagine, that I do not wonderat 
the failure.  It.was proper to make the trial. 
Que fait-on is a queftion that frequently re- 
curs in natural philofophy and natural hif- 
tory. You have at leaft found, that the elec- 

. trical fluid forwards the evolution of fecun- 
dated tadpoles, a new obfervation, to be added 
to thofe recorded in the hiftory of electricity. 
CLXIX, CLXX. Various other liquors are 

incapable of effecting artificial impregnation. 
That talent ot combination which you pof- 
fefs, and which chara@izes the true natural- 
ift, gave me reafon to expect thefe various 
experiments. Nature, by her negative re- 
fponfes, has afforded you no lefs informa- 
tion, than when fhe has anfwered in the af- 
firmative. 
CLXXI. The feed of the newt 1s incapable 

of fecundating the embryos of frogs and toads, 
and reciprocally. This 1s alfo true of the feed 
of toads and frogs refpetting one another. Thus 
radi: | though 
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though Nature produces mules between large 
animals, and even between infects and plants, 
fhe refufes them to the amphibious tribe. 
You very properly queftioned her on a fubje& 
fo important; from her anfwers we learn, 
that fhe has not here allowed herfelf any la- 
titude. This is very remarkable; for at firft 
fight, the toad appears to differ much lefs 
from the frog, than the horfe from the afs. 
If the contrary had happened, and you had 

‘ obtained mules by the artificial impregnation 
of amphibious animals, you: would not have 
“had fuch good reafon for concluding, that 
the feed of thefe animals acts but as a ftimu- 
lant. It would remain to inquire, why Na- 
ture has here fet herfelf fuch narrow limits. 
If it fhould be faid, that in fpecies apparently 
fo nearly allied, one degree more of approxi- 
mation would have deftroyed the fpecific cha- 
-gacter, this would be to affign the final, but 
not the etlicient caufe. 
CLXXII. The eggs of the winged infett 

produced from the filk-worm, artificially fe- 
cundated by the author. An Italian, the fa- 
mous’ Malphigt, firft imagined this experi- 
ment: another Italian, the fecond Malphigi, . 
firft fucceeded in it. Above eighteen years ago,, 
I exhorted naturalifts to repeat thisinterefting . 
experiment; and in this long interval, the 
philofopher of Reggio alone has undertaken 
it. What fatisfaction mutt he receive on this . 
account! But he will not confine himfelf to 
the eggs of this fpecies; he will proceed to 
thofe of other butterflies: He will try to 
fecundate the eggs of one fpecies with the 
feed of another: he will defire to know, 
whether butterflies and moths refemble am- 

phibious 
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phibious animals in this refpe&; and he will 
not, I am fure, neglect making the fame 
trials upon other different infects. Reafoning 
will not illuftrate this fubject: experiment 
alone can fupply the information we defire. 

From all your experiments, you deduce a 
conclufion highly pleafing to me; all the 
dreams of modern epigenefifts are difowned 
‘by Nature. You know how averfe I have. 
been all my life to this fyftem; I have com- 
bated it in all my writings, and when my. 
late illuftrious friend HALLER was inclining 
to this hypothefis, I had the courage to refift 

_ him, notwithftanding the impreffion his au- 
thority made on me. ‘The chicken came to. 
my afliftance, and the great phyfiologift de- 
clared againft epigenefis. 

I have gone through the principal articles 
‘of your table: many things are left behind, 
but the revifal of my works does not permit 
me to attend to you as much as I could with. 
I pafs to your kind letter of the thirteenth 
‘of March, which I have not yet anfwered. 
‘. I knew not that the celebrated Merian had . 

~- obferved the Pipa before Ruyfch. «I have 
made ufe ‘of the paffage from that heroine, 
which you obligingly tranfcribed for me (a). 

(a) In a letter, written March 13, 1780, to Mr. 
Bonnet, about his Memoir on the Pipa, inferted in Ro- 

_ zier’s Journal for 1779, and of which I fpeak incident- 
ally in Sect. CIV, I informed him that Merian, and not 

_ Ruyfch, as he fuppofed, firft {poke of this fingular ani- 
mal; and I moreover communicated to him the erroneous 
opinions of Vallifneri, who affirmed, that the kind. of 
uterus containing the young toads, is upon the back of 

- the male, and not of the female, To this paragraph of 
my letter Mr. Bonnet alludes. 

T have 



I have inferted it in an addition to my Mea 
moir. I have made the fame ufe of that from 
Vallifneri, which was alfo quite unknown to 
me. Your cenfure of his negligence, in 
not afcertaining the fex of his two pipas, is 
juft. I have diffected, or rather flead the 
pipa left in our bottle; but the fatigue my 
eyes underwent, together with the quantity 
of fpirits which had [penetrated into the in- 
fide, hindered me from obferving diftin@ly 
every thing that lay before me. I made my 
incifion on the belly, and after turning afide 
the fkin, perceived the mufcles and internal 
teguments. Having removed them, I dif- 
covered the inteftines. I was firft ftruck by 
a number of bright yellow grains that were 
difperfed over the vifcera. In order to learn 
whether their fhape was regular, I obferved 
them with a glafs, but it appeared to vary a 
good deal; fome being round, others oblong, 
and others again like quadrilateral plates. 
The ftomach was oval, mufcular, and thick; 
it was filled with many {mall brown frag- 
ments, very brittle, fome a line or two in 
length, and pretty much refembling frag- 
ments of the leaves of plants.—But to come 
to our chief objeQ, 1 could not perceive 
any veftige of an ovarium; I fought for the 
tefticles, and found, near the bladder, an ob- 
long flefhy body, which might perhaps be 
a tefticle, but 1 could not find that on the 

. other fide. I could not, indeed, perform this 
diflection according to my wifhes; I faw juft 
enough to form an idea of the great apparatus 
of vifcera, which this fingular toad offers to 

‘the attention of the obferver; every one of © 
which might employ him whole months, Î | È 
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he had the inclination or the ability to ftudy it 
as Lyonet ftudied his eruca. ‘To refute Val-. 
lifneri’s opinion, it is not abfolutely neceflary 
to have recourfe to diffeCtion. Mr. Fermin’s 
obfervation, of which I have given the fub- 
ftance, Set. CCCX XVII, Corps organ. n. 1. 
leaves no room to doubt that the female’s 
back is furnifhed with the cells, fince he 
diffleGed her; faw the ovarium, and was an 
eye-witnefs of the union of the fexes. I am 
glad my Memoir afforded you fatisfaction. I 
wifh the queftions at the conclufion may in- 
duce fome Naturalift to examine more parti- 
cularly an animal fo remarkable, and as yet 
without parallel. 

{thank you for the Italian extract from 
your refearches on the movement of the 
blood, which I could not read in your excel- 
lent work. Mr. Saladin tranflated it, and I 
{hall borrow from it fome curious particulars 
for a note on Part X. of the Contemplation. 
I afk nothing further on this fubje&, for my 
‘editors prefs me to finifh as foon as poflible. 
"Fhe fubfcribers grow impatient, and threaten, 
to withdraw their contributions. I have been: 
obliged to write a fhort letter in excufe of 
my involuntary delay, and to fatisfy them 
about the delivery of the fubfequent parts. 
Your conclufions, relative to the blood, 
have entertained me highly. You firft have 
difcovered an important truth; the impulfe 
given by the heart is perceptible to the com- 
mencement of the veins. ‘That the motion 
ef the blood does not, as phyfiologifts fup- 
pofed, become flower at the extremities of the: 
arteries, is another new obfervation of equal 
importance. They were miftaken about the 

| power 
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power or powers of circulation. They af- 
figned to the heart auxiliary forces ; and you 
have fhewn, that the heart is the fole impel- 
ling power. You have alfo paeved by an. 
ingenious contrivance, that the changes of 
the colour of the blood, from yellow to 
reddifh, and then to red, are mere illufive ap- 
pearances. Haller warmly contetted this point, 
but your mode of proceeding, I think, car- 
ries conviction. The vafcularmembrane, fepa- 
rated from the yolk of the egg, and obferved 
upon a plate of glafs, exhibits red veflels on 
the firft days of incubation. Youalmoft every 
where deftroy error, and eftablifh truth. I 
moft fincerely bid you farewell. You fay 
nothing of: the fecundation of plants: I 
have not been able to repeat your experi- 

| ments this year. " | 

EXD Of: WT TE peas 

/ L'ESLE 

PI 



Prassi. 

(O E TUTI Re DL: 

Genthod, January 13, 1781. 

PERCEIVE by your interefting reply, 
my dear and celebrated friend, noe our 

opinions on feveral points coincide; this co- 
incidence affords me the greater pleafure, be- 
caufe it fhews, that I have reafoned juftly on 
feveral of your experiments. But fuch a co- 
incidence is no new thing between yoù and 
me, for how often have we converged in like 
manner on feveral topics of Natural Hiftory? . 
It may be faid, that my foul fometimes pafles 
into your brain, and your’s into mine. | Lena 
you many acknowledgments for having in- 
terrupted the compofition of your work on 
the generation of plants, in order to write that 
long and excellent letter, which you call 
upon me to anfwer. iam furprifed that you 
have been able to do it in two days. Iam - 
not fo happy as you in this refpe&, being able 
to allot a few hours only in a day to com- 
pofition; fo that when I write letters of eigh- 
teen or twenty pages, you may be fure that 
they have taken up at leaft twelve days. I 
mutt therefore now, in my turn, fufpend my 

‘ own labours, for the fake of anfwering the 
principal paffages of your letter of the 12th of 

. December. I fhall follow the order of your 
numbers, or rather of my own in mylaft letter, 
which you yourfelf followed, and to which 
you replied. 
VoL. II. Q_ 13] 
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I. I doubted not but the experiments which 
I propofed to you, in order to detect the germ 
in the ovarium before fecundation, would 
likewife fuggeft themfelves to your confi- 
deration (2). You feem not to expect much 

(z) In order to elucidate this paragraph, I fhall tran- 
fcribe the paffage of my letter to which it refers. Mr. . 
Bonnet, in his firft letter, obferved, that fearching for the 
embryo in the ovaria of quadrupeds and birds, before the 
accefs of the male, would certainly illuftrate Natural Hif-. 
tery: He was of opinion, that | might make fome ad- 
vances in this dark enquiry. I reply, * That the idea of 
turning my attention towards the ovaria of quadrupeds 
and birds, had often arifen.in my mind; but. that I had 
never enjoyed fufficient leifure to put it in practice. The 
urgency with which you recommend thofe refearches, 18 
a powerful incentive to me to attempt them, and perhaps 
I may do this ere long; but I confefs that my .expecta- 
tions are not very fanguine. I fear, left the extreme mi- 
nutenefs and tranfparency of the germ fhould prevent me 
from difcerning it. It is, however, better to undertake 
unpromifing experiments on a fubje& fo interefting, than 
to leave them unattempted. vi 

“ Having lately had occafion to read fome of Reaumur’s: 
memoirs on infects, I met with an obfervation of an Italian | 
Naturatift, very analogous to mine, upon the pre-exiftence 
of the fetufes of the frog and toad. It isin Vol. II. P. 1. 
Mem. 7. Reaumur, fpeaking of the grub of the little 
beetle (fcarabeus) of the lily, after the fine diflertation, of 
Patarol, fays, “ Mr, Patarol thinks, that the grubs cannot 
be faid to come from the eggs, but that every egg appears 
to be changed into a grub., ‘The reafon that induced him 
to propofe fo fingular'a notion, was, becaufe he could not 
find, with whatever care he examined, any empty fhell.”? 
Obferve, I beg of you, the conclufion of the French Pliny; 
he appears defirous of repeating the obfervation, though 
other occupations prevented him, it would feem, from ex- 
ecuting his intention. I am refolved to repeat it next 
fpring, and ] think Reaumur did not fet a fufficient value 

«199 upon it. 

i from 
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from them: you prefume that the extreme 
minutenefs, as well as the tranfparency of the 

. germ, would conceal it ‘from all your re- 
fearches. . You do not however defpair; and 
dea give me room to fuppofe, that my ex- 
ortations contribute to encourage you: but 

the great fuccefs which has crowned your 
refearches on other occafions, might ferve to 
perfuade you much more powerfully, that you 
will not labour on the prefent in vain. A 
lucky accident, fome unexpected and unfore- 
feen circumftance, may afford you the greateft 
affiftance. You will create fuch fortunate 
occurrences as do not happen in the ordinar 
courfe of Nature, and as will furprize you wit 
a full view of that which Nature concealed 
from Malpighi and Haller. It feems to me, 
that the firft {tep neceffary is to find the means 
of diminifhing the traniparency of the germ 
without altering its ftructure; for in my opi- 
nion this, rather than its extreme minutenefs, 
keeps it concealed from the moft piercing 
looks of the obferver. A drop of vinegar, or 
fpirit of nitre, poured on the cicatricula of the 
egg, by a little condenfing the moifture 
which dilutes the folids of the germ, may 
perhaps render them perceptible. You might 
alfo try other liquors. ‘Two other means 
fuggeft themfelves to my mind: The firft 
confifts in endeavouring to fpread a liquor 
coloured by fome vegetable tincture over the 
yolk: how do we know but the vefiels of the 
yolk would abforb this tincture, and carry it 
to the germ? Shouldit only colour the con- 
tiguous parts, it would at leaft fhew its place 
or point. Theadction of the veffels fhould be 
aided by a gentle heat. ‘Fhe ingenious pro- 

3 Q 2 cefs 
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cefs employed by Mr. Beguelin, to fhew the 
Prince Royal of Pruffia, the fueceffive pro~ 
grefs of the chicken in the egg, would not 
be unferviceable to you in your attempts. 
Again, who knows but a certain degree of 
heat would contribute to render the germ 
apparent, by coagulating its lymph? To fub- 
{titute the femen of the cock,: or any other 
bird, would be another means of attaining 
the fame end. As the femen is, beyond con- 
troverfy, the liquor which has the greateft 
influence upon the germ, it feems to be beft 
adapted to produce fome fudden change, fuch 
as might render it acceflible to the microfcope: 

It would be, at the fame time, an attempt 
to produce the artificial impregnation of the 
germ in the egg. Mr. Beguelin’s apparatus 
would be very convenient for this purpofe. 
Should a drop of feed render the embryo im- 
mediately perceptible, it could not be ob- 
jected that the feed had conveyed it into the 
cicatricula, as it has been fuppofed that the 
farina fecundans does the plant into the grain; 
for Haller's obfervation, as well as your dif: 
covery of the exiftence of the tadpole before 
fecundation, would deftroy the objection: 
Laftly, it would be proper to try to obferve > 
the cicatricu/a of unimpregnated eggs in the 
folar. microfcope, which enlarges objects  — 
which are in fome meafure tranfparent more 
than any other. Need I add, that you will 
not be feeking for fomething which does not 
exift, fince you have the ftrongeft reafons to 
fuppofe, that the germ does really exift in 
the cicatricula. — 3 

Curious experiments have fhewn, that the 
perfpiration of the egg, notwithftanding its 

4 -crufta- 
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| eruftaccous cover, is confiderable. © Various 
internal changes proceed from this. You will 
therefore obferve the cicatricu/a in unimpree- 
nated eggs kept for a longer or fhorter time, 
‘Perhaps drying the cicatricu/a a little upon 
a plate of glafs, before it is obferved by 
the microfcope, may be of ufe...The ap+ 
proximation of the elements of the folids, 
may fomewhat leflen the tranfparency of 
the germ. ; 

It will be proper, my dear Malpighi, toob- 
ferve the real or fuppofed eggs of the beetle of 
the lily. The paflage you have quoted from my 
illuftrious mafter fhews, clearly, that he faw 
the neceflity of repeating Patarol’s obferva- 
tion. It js to bg regretted that he did not 
do it, or at leaft inform us that he had; but 
we may reafonably doubt, whether this illuf- 
trious Naturalift imputed to this obfervation 
the fame degree of importance as you and I, 
He had not meditated fo much upon genera- 

tion, and particularly upon the interefting 
queftion ot the pre-exiftence of the germ, 
You may eafily fuppofe, that I.fhall not be 
much furprifed if you fhould one day inform 
me, that the fuppofed eggs of this beautiful 
little infect are not really eggs, but the grub 
difguifed under the appearance of an egg. If 
fo, thefe imaginary eggs would agree with 
thofe of frogs, and we fhould have.a new 
proof of the pre-exiftence in quéftion, ‘You 
are acquainted with the eggs of the queen 
bee; I have fome fufpicion, that they are not 
real eggs, but the maggot itfelf, in a fhape 
little different from that which it afflumes 
after fecundation. But the vivaporous flies, 

_of which Reaumur has written the curious 
Ol hiftory, 
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hiftory in Vol. IV. will furely afford new 
proofs of the pre-exiftence of the embryo in 
the female. ‘The fpiral matrix, defcribed by 
the author, is a beautiful organ ; the different 
convolutions he informs us, confift of more 
than 20,000 maggots, arranged lengthways 
by the fideof each other. 

XIII. Iam obliged to Mefirs. de Reaumur 
and Nollet, for thofe little breeches of waxed 
taffety, which they contrived for the male cf 
a certain fpecies of the frog, in order to dif- 
cover the manner in which he impregnates 
the female, and J am not lefs obliged to you 
for the repetition of this ingenious experi- 
ment. The male, which you cloathed with 
fuch breeches, did not accomplifh the im- 
pregnation of the female, becaufe the femen 
was intercepted. Since this liquor impreg- 
nated artificially the tadpoles to which you 
applied it, there can be no doubt but that it 
was real femen. : 
XXVI. You are then of opinion, that the 

fufpicion I intimated in this article is not 
without foundation. I learn from this para- 
eraph of your letter a new truth, ‘ that in 
the TREE-FROG, the tad-poles are fome- 
times found fecundated, though they remain 
as yet in the rectum ; whether this happens 
in confequence of the femen infinuating it- | 
felf into the orifice of that gut, or becaufe 
the tadpoles, fcarce out of the rectum, and 
already moiftened by the femen, are perhaps 
drawn into it by the motions of the female at 
the inftant fhe is furprized by the obferver.” 
Both thefe explanations appear much more 
probable than mine. 

H | LXXV, 
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LXXV, LKXVI. I am always a great 
. gainer, when, according to your withes, I 
point out to you new experiments to make. 
vou have then made yee the fecundated 
eggs of fifhes that which I indicated, (Art. 
418. Corps organ.): in order to afcertain, 
whether thefe eggs might be képt in the dry, 
like thofe of the tufted polypus; and you 
have found, that they do not pofiefs this pri- 
vilege. Your various ways of proceeding, 
permit me not to doubt of the truth of the 
refult. You: have carried this experiment 
ftill farther to the fecundated embryos of 
frogs and toads, and you have found, that 
they do not, any more than the eggs of fifhes, 
poflefs the property of keeping in the dry. 
My hypothefis then, with refpe& to the re- 
eopling of dried ponds, is infupportable: 

brut may not this privilege, which hath been 
refufed to the eggs of fifhes, have been ac- 
corded to fifhes themfelves in the ftate of in- 
fancy, or at fome other period of their life. 
‘Tam very defirous of knowing the conjecture 
you fubftitute inftead of mine, and which 
you intend to explain in your work. Reading 
this paflage over again, I perceive a circum- 
ftance that had efcaped me; you fay, ‘ that 
you left your fifhes eggs to dry in the fhade, 
Sometimes on the mud, where you found them, 
and fometimes in veffels.” But may not the 
fecundated eggs of fithes require, like the 
Rotifer, to be covered with fand, in order to be 
preferved in the dry? I can fcarce fuppofe, that 
you neglected covering: them with the mudon 
which they were laid by the female, well 

ARR, Organs | know 
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knowing, that in your experiments you ne- 
elect nothing (a). | | 
LXX.X, Your account of the fingular man- 

ner in which the male newt impregnates the 
female has afforded me great pleafure; the 
whole was entirely new. to me.. The newt 
is then yery'chafte in his amours; no true 
copulation takes place between the twoindivi- 
duals; only a few careffes on the part of the 
male, which prepare the female for fecunda- 
tion. The male darts his femen. into the 
water; it forms a little whitith cloud, which 
©furrounds the open and {woln anus of the fe- 
«male, and fhe is fecundated. What.pity, 
that the poets were unacquainted with the 
chafte amours of this animal—their fictions 
.would have derived great advantage from the 
hiftory. That of Zephyr and Flora bears a 
{trong analogy to the fecundation of the palm; 
in the animal kingdom, I know nothing 
which refembles it more than the impregna- 
tion of the newt. That of marine plants 
approaches ftill nearer, the male does not 
emit a fine powder, but a liquor, which, in 
like manner, forms a little cloud in the 
water, wii 

Your citation of Bomare’s Dictionary, has 
induced me to read the article Newt, which 
I had never before confulted. Mr. Demours, 
I fee, feems to have made the fame obferva- 

(a) Mr. Bonnet’s opinion of me is too favourable ; 
‘for in truth I was not aware of this precaution. But 
were it employed, i do not think it very probable, that 
the eggs. of fifhes, ‘and the fetufes of frogs and toads could 
‘be preferved. “The thing is however poftible, and the 
experiment ought to be repeated with this circumftance, 
which | propofe to do when [have an opportunity. ) 

: EAST i ONE 
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‘tions as you, ‘refpeGing the fingular mode of 
impregnation in this animal, But naturalifts 
will rely more upon you, and it required to 
be verified by an obferver of your eminence. 
Du Fay’s remark alfo concerning the pre- 
fence of the gills, when newts are young, 
and their difappearing totally afterwards, 
drew my attention, I had obferved the fame 
thing with furprize, but never mentioned it, 
for I was defirous of obferving it again, but 
never did. ‘Thefe gills are a great ornament 
to the young newt. Du Fay was aware of 
the organization of the epidermis, mentioned 
in my firft Memoir; and if I had been ac- 
quainted with the paflage of this academician, 
I would have taken notice of it. 
_ Since the femen of the male is always 
mixed, with water, I fee the reafon why ar- 
tificial fecundation does not fucceed with pure 
Jemen. ‘The obferver muit imitate nature and 
dilute it with water.. 1 fuppofe with you, 
that the very thick feed of pie newt requires 

dilution, in order to effect both natural and 
artificial fecundation. In like manner, the 
‘wifdom of Nature has found the means of 
diluting the human femen by. the lymph, 
which fo many veffels pour into the tefticles 
and the feminal veficles,  Phyfiologifts tell 
us wonderful things on this fubje&. 
Few fpe@acles are fo engaging to the phi- 

lofophic obferver, as that prefented by .the 
amours of animals, and the various means by 
which the Author of Nature has ordained 

. that they fhould  preferve their fpecies. 
Should fome able phyfiologift ever undertake 

to compofe a complete hiftory of generation, 
he would undoubtedly begin by a ROOT 

0 
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of the amours of animals and plants; and if 
he fhould be as great painter as the illuftrious 
Buffon, he will be able to engage the under- 
ftanding,without givinganyalarm to modefty; 
he will produce, not a phyfical Venus (a), but 
a phyfical Minerva. There is room for fup- 
pofing, that the different modes of fecunda- 
tion, obfervable in different animals, are pro- 
portional to the degree of fenfation accorded 
to each fpecies, or, what amounts to the 
fame thing, to their capacity for enjoyment, 
What difference in this refpe& between the 
‘fim or newt, and the ape, the ftag, or dog; 
and in the imperial race of man, haw is the 
phyfical part modified by the moral! 

It is certainly very remarkable, that am- 
phibious animals, fuch as toads and the tree- 
frog, never depofit their embryos.on dr 
ground, where they muft infallibly perifh, 
and that they always take care to depofit them 
in water, their natural element. You even give 
me to underftand, that they do not lay them in 
the firft water they find, that they never make 
the difcharge in running waters, which would 
carry the young away, and not fupply them 
with proper food; but that they conftantly 
depofit them in ftagnant waters, where the 
little tadpoles are not expofed to concuffion, 
and where they are always furrounded by 
proper food. This kind of inftin& very 
nearly imitates forefight, and attains its end 
equally well. But fince we cannot, in this 
cafe, admit real forefight, which belongs ex- 
clufively to reafon or intelligence, it remains 

(a) Venus Phyfique, the title of a book written by M. 
Maupertuis. Ti. dit "i Pa 

; to 
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| to be afcertained, how our amphibious ani- 
_ mals are fo unerringly determined to quit the 

round, for the fake of laying their eggs in 
dormant waters. The. faite! I fhould 
imagine, prefled by the defire of laying, muft | 
fee] a certain internal fenfation, which ren- 
ders her abode on dry ground painful, and 
infpires her with the defire of gaining the 
water; and fince ftagnant waters are not fo 
cold as running waters, this may, perhaps, 
be the reafon why fhe prefers the former, not 

| for the fake of her young, of which fhe can- 
not have any knowledge, or forefee the 
wants: for it is thus that Nature hath, onall 
occafions, provided for the neceffities of 

| young animals; fhe has found means to con- 
nect their wants with thofe which the parents 
muft feel in certain circumftances. Your 
memory muft fuggeft fo many inftances, as 
to render it unneceflary for me to point them 
out. Befides I fee you entirely agree with 
me, with refpe& to the forefight and intel- 
ligence, attributed fo gratuitoufly, and fo 
unphilofophically to brutes. = © | 
MACVII, ' XCVIII, XCIX. I knew ‘not, 
that your illuftrious compatriot Vallifneri 
had entertained the fame idea as myfelf, con- 
cerning the effect of the long continued em- 
braces of male frogs and toads. Nor did I 
recollect that Swammerdam, on the contrary, 
had fuppofed, that fo far from facilitating 
the paffage of the eggs into the tubes, they 
rather ferve to hinder it. I fhould not then 
have known, which fide to have taken be- 
tween thefe two great authorities, if Nature 
herfelf had not pronounced her decifion from 

your lips. You inform me, ‘that the ee 
rs 2 0 
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of Swammerdam, that the females are not 
embraced by the males, until the eggs have 
already traverfed the tubes, is not generally 
true; that it holds only in the ¢ree-frog, and 
by no means in the aquatic frog and in toads, 
but that Vallifnieri is right with refpect to 
the green aquatic frog, In this cafe then, 
no general rule can be eftablifhed; ‘as you 
very properly remark, and we muft wait till 
new refearches have increafed the number of 
facts. | i 

CII. Mr. Demours had raifed our curiofity 
to a very high pitch, by his account of the 
addrefs of the male toad in affiftine the fe- 
male in bringing forth. His details were fa 
circumftantial, that the truth of the fact ap~. 
peared to be unqueftionable, and I hefitated 
not to make ufe of it in the Contemplation, 
But it 1s really very tingular, that neither 
you, my worthy friend, nor Mr. Roefel, 
fhould have furprifed any male toad in this 
interefting employment. ‘This would appear 
to weaken the credit due to the recital of the 
French obferver, if teftimonies fimply nega- 
tive could impair the moft pofitive affirma- 
tion. Mr. Demours ought, as you obferve, 
to have fo defcribed his toad, that we might 
have known to what f{pecies it belonged, 

CV, CVI. Your doubts, with refpect to 
the manner in which the impregnation of 
fcaly fith is effected, are well founded, and 
we have both reafoned properly upon this 
fubje&, by eftimating the authorities on either 
fide. We know at leaft, from the experi; 
ment of Mr. Jacobi, that fimple difperfion in 
water is fufficient for the impregnation of 
the eggs.. Your idea of employing the 

IRINA, toon Ss inspected CE pa 
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| Chinefe gold fifhes to clear up the queftion, 
to me appears excellent, and I cannot ‘prefs 
you too warmly to realize it. | 

You will fee much more in a day, than all 
preceding naturalifts have ever obferved. 
How many interefting queftions; yet unde- 
termined, might be decided by the moft 
fimple experiments? The mind has.alwaysa 
greater tendency to imagine and reafon, than 
to obferve and make experiments. T’o what 
a train of reafoning had Digeftion given rife, 
before Reaumur and Spallanzani fet this 
function in the.cleareft light by their fine 
experiments. , 
CXXIII, CXXIV. You adopt then with me 

the Hallerian doctrine of embryos lodged in 
the ovarium, or inthe upper partof the tubes 
of our amphibia, which cannot be fecundated 
artificially. But you affign another caufe of 
the fa&, which I fufpe@ed not, but which ap- 
pears to me, not lefs than to you, to contri- 
bute to produce it; fince the glairy matter is 
the firft nutriment of the fecundated embryo, 
and fince this matter does not envelop thofe 
contained in the ovarium, or the upper part 
of the tubes, it is evident, that even if the 
femen’ could impregnate them artificially, 
they would foon perifh for want of nourifh- 
ment. Your experiments on. this fubje& 
leave nothing to be’ wifhed, fince the em- 
bryos you have entirely ftripped of ‘their 

gluten could never -be impregnated, while 
thofe which were only partially deprived of 
it, were almoft all fecundated. I know not 
Whether naturalifts -before you,’ knew the 
true ufe of this matter. 
‘Lashom CXXXIV. 



238 ix ET. Ty, Ba Rig Di 

CXXXIV. The blood of amphibious ani- 
mals, their faliva, the juice extracted from 
their liver, lungs, kidneys, their urine and 
ours, are then the different liquors with 
which you have conceived the idea of mixing 
the femen. To thefe you have added vine- 
gar, and none of the mixtures have deprived 
the femen of its prolific virtue. You have 
only obferved, that when the urine and the - 
vinegar were in too great abundance, fecun- 
dation did not take place; I doubted not but 
that you would think with-me, that the fe- 
men is not decompofed by thefe mixtures. 
But they admirably prove the aftonifhing 
energy of this fecundating liquor. They 
may further ferve to guide you to difcover, 
which of the animal liquors hath the greateft 
analogy with the femen: for that, which in. 
equal portion fhould leaft impair the virtue of 
the femen, might juftly be prefumed to be — 
moft analogous to it; and this would not be 
without its ufe, in inquiries into the conftitu- 
ent parts of the femen. 

CXLIII. It affords me great pleafure to 
find, that we have both had recourfe to the | 
fame comparifon, in order to illuftrate the 
prolific power of femen incorporated in very 
{mall quantity, with a very large mafs of 
water. Your example, taken from the poifon ~ 
of a viper, of which a very little drop often 
prote: fatal to a great animal, is not either. 
efs appropriated. or lefs inftructive. Hence - 
you have good reafon for faying, that we can- 
not be furprifed, that'a very {mall portion of 
femen fhould be fufficient to animate the 
heart of the embryo. | PEA 

UA The 
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The very fudden action of certain poifons, 
fuch as the venom of the viper, afford room 
for prefuming, that it is chiefly the nervous 
fluid that is affected. You remember Reau- 
mur’s curious experiments with American 
poifoned arrows. A bear pricked with one 
of them died, I think, in half a minute. 
CXLIV, CXLV. In this article, you fur- 

nifh me with a detail of the manner in which 
you have proceeded in your artificial fecun- 
dations. lentirelyapprove of it. It is furel 
very furprifing, that an embryo touched aR 
the point of a needle, which has been dipped 

«in a mixture of three drops of femen, and 
eighteen ounces of water, and which takes up 
a drop, meafuring 1-soth of a line, fhould 
have ae developed as perfeCtly and fpeedily 
as other embryos which were immerfed in 
femen. Your reflection on this occafion is 
yery juft; fince fo fmall a drop of femen, 
mixed with fo large a quantity of waiter, is 
fufficient to animate the embryo, it is very 

| natural to infer, that the furplus furnifhed by 
the male does not concurin the operation. But 
Nature is never fparing in what concerns the. 
propagation of the fpecies : fhe is determined 
not to mifs her aim, and fhe would run the 
rifk of miffing it by too great ceconomy. 
She, perhaps, alfo has an eye to the pleafure 
the male receives from fruition; for emiffion 

is without a doubt a pleafing fenfation to 
him, and this kind mother is defirous that all 
her childrenfhould find enjoyment; otherwife 
too the male would want an incentive. 

~ CLIT. You eafily coneeive, my dear phi- 
lofpher, all the: attention I have paid to this 

of | interefting 
ca 



240 L VE ae i ee Ree 

interefting paflage of your letter. I imagined, 
that I beheld with you the fmall pores in the 
covet of the embryo, contrived for the in- 
troduction of the femen. Your details on 
this point fully prove, that you have not 
fuffered vana to be impofed upon; and 
that thefe little mouths, of which I had 
fufpected the exiftence, are certainly to be 
found: and fince they are difperfed over the 
whole cover, and this cover is perforated like 
a fieve, it can no longer be matter of fur- 
prife, that fecundation fucceeds equally well, 
wherever the embryo is touched with the 
needle, after it has been dipped in the femen. 
The queftion now 18, whether fuch apertures 
exift in the covers of the embryos of every 
fpecies; and how probable is this, after all 
that has been difcovered concerning the myf- 
tery of fecundation: I do not then doubt, 

. and Frhave never doubted, that if the gernt 
of the pullet, of the lamb, of the calf, were 
as perceptible as the tadpole, you would de- 
tect abforbent pores, fimilar or analogous to © 
thofeinthe embryo of youramphibia. I would 
afk, if we have not the ftrongeft proofs that 
fecundation is effected from without, and if 
it be thus effected, is it not neceflary, that 
there fhould be little pores prepared for the 
reception of the fecundating liquor? Thefé 
abforbent pores and their dependencies con- 
tain, without doubt, anatomical peculiarities, 
which we fhould admire, if we were per- 
mitted to defcend to bottom of the abyfs. 
Each pore is probably the orifice of a veflel 
communicating with the heart, &c. 
<CLVIII. I.now come to the moft curious 

and important article of your excellent let- 
| ter. 
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ter. I fufpected not; I own, that you had 
already fucceeded in the artificial impregna- 
tion of the female of a large animal, by 
means of a fmall fyringe, a project I men- 
tioned in my laft letter. This is one of the 
moft important and interefting difcoveries, 
that have prefented themfelves to the no+ 
tice of naturalifts and philofophers fince the 

creation of the world. Your mode of pro- 
ceeding, and your fcrupulous attention to 
eftablifh, in the moft rigorous manner, the 
truth of this artificial impregnation, put it 
beyond all controverfy. I had no occafion 
for your fecohd letter of Dec..15, to be af- 
fured, that you had neglected nothing to ob» 
viate the moft fubtle objeCtion. Your bitch 
was then clofely penned up for twenty-three 
days before the operation: on the'13th fhe 
began to be in heat; on the 23d you injected 
the femen, and you kept her in clofe con- 
finement twenty-five days longer; on the 
fixty-fecond after the injection, fhe brought 
forth three whelps well conditioned, very 
lively, and refembling both the dam and the 
dog which had fupplied the fecundating li- — 
quor. Nothing can be more exact or better 
afcertained; nothing can be finer. or more 
original than this experiment. I.congratu- 
late you fincerely on your fuccefs, and what 
adds greatly to it is, that it was obtained with 
lefs than thirteen grains of femen... This ex- 

periment agrees. perfectly well with thofe 
which you have executed on amphibious ani- 
mals, and we have good reafon for inferring, 

that the dofe of femen which produces fe- 
cundation in large animals, is very incon- 
‘fiderable. J even prefume, if you could ef- 

| jVor. I. R fect 
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fect the fecundation of the embryos of a 
large animal in the ovarium, by the procefs 
I pointed out to you, you would obtain the 
fame refults as the amphibiaaftorded; and 
that a drop of femen 1-soth of a line in dia- 
meter, would be fufficient to animate the 
embryo. 

You are now in poffeffion of a fure and 
eafy way of afcertaining what {pecies can pro- 
create together; and the experiments you 
propofe attempting next fpring, by putting 
your voluptuous fpaniel in the company of 
cats and rabbits, promife not fo fair as thofe 
which you will make, by introducing the 
femen of this fpaniel into the uterus of a doe- 
rabbit and a fhe-cat, and on the other hand, 
by introducing the femen of the male rabbit 
and cat. into the uterus of a bitch. You hold 
in your hand a precious clue, which will guide 
you to the moft important and unexpected 
difcoveries. J know not, whether what you 
have now difcovered, may not one day be ap- 
lied. in the human fpecies to purpofes we 
ittle think of, and of which the confe- 
quences will not be trivial. You conceive 
jar meaning: however that may be, I con- 
fider the myftery of fecundation as nearly 
cleared up. What remains principally to be 
difcovered, is the formation of the mule, 
and what occafions the different marks of re-: 
femblance. between children and their pa- 
rents; and this brings me to your CLIXth 

-article. | 
CLIX. You do me great honour, my dear 

affociate, by fufpending your judgment be- 
tween Haller and me, with refpe& to the - 
manner in which the mule is formed. ep 

| i 
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did not the authority of the great Haller, in 
your eftimation, overbalance mine, which is 
fo much lefs weighty? I would not have 
hefitated a fingle moment to admit with him, 
that the femen acts merely as a fimple ftimu- 
lant, could I have accounted for the conver- 
fion as it were of the horfe into the mule. 
His hypothefis, from its greater fimplicity, 
is more acceptable to the mind. But is it 
fufficient in all cafes? In order to account 
for the formation of the great mule, is it 
enough to fay, that the femen of the afs is 
a more powerful ftimulant than that of the 
horfe; and that hence it fo much elongates. 
the ears of the embryo contained in the ova+ 
rium of the mare; for how then comes a 
art of the embryo’s tail to be obliterated ? 
hy is its crupper fo flender? and above 

all, whence comes the larynx fo differ-. 
ent from that of the horfe, and fo nearly re- 
fembling that of the afs? I cannot, I own, 
conceive that the inftantaneous action of a 
drop of femen on the heart of the embryo 
can produce effects fo great, fo permanent ; 
and on the other hand, I have againft me 
the complication of my own hypothefis, of 
which the expofition required a long feries of. 
propofitions, which make it appear {till more 
complex, and not to be comprehended, but 
by readers of great attention and much ac- 

_cuftomed to analytic deductions. Hence 
many have committed ftrange miftakes, with 
refpe& to my principles and their application. 

There is alfo another circumftance, which 
feems to militate againft my hypothefis; this 
is the very trifling portion of femen which 
is fufficient for generation it is not eafy to 

- Riz com» 



244 LET TE RIME 

comprehend how a drop of femen, fo difpro- 
portionate to the whole body of the embryo, 
can ferve for its firft aliment. But this dif- 
ficulty prefleson Haller as much as upon me; 
for it evidently implies, that one kind of femen 
acts with more force than another on certain 
parts, and occafions a more ample evolution ;. 
that the femen of the afs, for inftance, 7m- 
pels the blood with greater violence into the ar- 
teries of the ear; thefe are his own terms: 
he admitted, therefore, that the femen of the 
afs arrives at the arteries of the ears of theem-" 
bryo of the horfe, how, otherwife, could the 
fimple action of this femen, on the heart of the 
embryo, propagate its impreffion to the ears, 
and caufe fo exceflive an evolution of them? 
Befides, how come the ears to be the only ‘| 
part of the head which'grow to fuch a pro- 
digious length, fince all partake alike in the 
impulfe of the heart: Further, Haller fpeaks 
of the power pofleffled by the femen, of oc- 
cafioning the growth of the beard, and of 
lengthening the tufks of the elephant and the 
wild-boar: he adds, if it has this power of 
promoting a greater growth in certain parts 
of the body which prepares it, than in othe) 
it may have the fame effect on the body of the: 
fetus which it animates.. Would not this 
ferve to fhew, that our author tacitly fap- 
pofes a difperfion of the femen through the — 
whole body of the embryo? I fuppofe the | 
fame thing; and you have no greater diffit 
culty than myfelf, in conceiving the prodi- 
gious divifion of which a drop of femen is 
dufceptible. What we know of the divifi- 
bility of matter fmooths this dificulty.” It 
is much to be regretted, that our great phy 

. fiologift © 
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fiologift confined himfelf to mere generalities 
on this fubject, and that he did not apply his 
hypothefis to the explanation of the princi- 
ol tiranti offered by the mule. ‘‘ It is 
true, fays. he, my anfwer does not explain 
the mode or the mechanifm by which the 

. femen of the male excites the germ of the 
ear, and caufes fo large an evolution of it. 
But I am not obliged to explain this 
-mechanifm, provided. my facts are well 
eftablifhed. ‘The influence of the femen 
on the growth of the beard and horns is 
«demonftrated, though the manner may be 
perhaps for ever unknown. It is fufficient 
to fhew, that there is a certain power in the 
femen of the male, which determines the 
growth of the fetus, fo that certain parts 
come to be more developed: It would not be 
more juft to demand an explication of the 

~ mechanifm by which this is brought about, 
than the reafon, why the abforption of the 

è» femen of the male produces the growth of 
the beard.” 

I fhould have efcaped much labour, if in’ 
imitation of my illuftrious friend, I had con- 
tented myfelf with repeating, that the femen 

of the male has a certain power to caufe a 
greater developement of certain parts. But 
‘fo. vague an’ explanation not fatistying me, I 
have endeavoured to analyfe facts, and from 
this analyfis I have fought a folution; which 
might be applicable to the moft eflential 
peculiarities of thefe fa&s; Inv a word, I 
iù fuppofed that the ftrong traces of re- 
femblance between the mule and afs, implied 
in the femen of the latter, fomething more 
than a fimple ftimulating power: am I de+ 

R 3 ceived, 
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ceived, think yoù, in this conclufion, and 
are you inclined to believe, that a fimple fti- 
mulating power is fufficient for the whole ? 
I cannot yet prefume fo much, but it is very 
offible, that a more fatisfactory hypothefis 
Hai mine may be imagined, and I will be 
the firft to adopt it. 
CLXVII. You have done every thing you 

poflibly could, in order to detec the real 
nature of the femen of your amphibious ani- 
mals. It is not then either vifcous or in- 
flammable, acid or alkaline; and yet how 
wonderful is its energy! It evaporates like 
water, and it is very well worth remarking, 
that its moft volatile part is precifely that 
which is unfit for fecundation. ‘This part, 
in all appearance, is only lymph, or rather 
fimple ferum, appointed to prevent the too 
great vifcidity of the fecundating part. It 
would be an interefting employment to carry 
on thefe refearches to the femen of large ani- 
mals: they have not been pufhed fo far as 
they ought. Nor would it be lefs interefting 
to know, whether the femen of large ani- 
mals incorporated like that of your amphibia, 
with a great quantity of water or other li- 
quors, would in like manner preferve its 
energy. The happy experiment made on 
your bitch, points out the path that fhould 
be followed in order to afcertain this point. 
The feed has been conftituted in a fecret 
relation to the nature of the power which 
caufes irritability, fince it is deftined to 
increafe the operation of this power; but 
we have not yet fufficient knowledge of the 
nature of irritability. I would not, how- 
ever, venture to affirm, that there does ee 

A CX 
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exift in nature fome other liquor befides fe- 
men, capable of caufing the evolution of thè 
germ. Who knows, if the powder of the 

. ftamina of certain plants, may not make fome 
impreflion on certain germs belonging to the 
animal kingdom? This is, if you pleafe, a 
filly idea, but I lay before you every thing: 
which pafles through my brain. i could 
wifh, that the powder of the ftamina of the 
barberry might be tried, in which their fetid 
and penetrating fmell feems to announce 
great energy. Animals and vegetables com-. 
pofe but one family, and their analogies are 
very numerous. Inverted experiments of 
this nature ought to be attempted, for it is 
only by infinitely multiplying the combina- 
tions of beings that our knowledge increafes, 
I am always a little miftruftful of our general 
conclufions, however apparently well found- 
ed, becaufe our premifes are always more or 
lefs particular. Peo 

- Thus, my dear friend, I have gone over 
«all the paragraphs of your excellent letter; 
and I wifh my reflections may afford you fa- 
tisfaction. | ; 

I began this long letter the gth of De- 
cember, and it has employed me till this day, 
the roth of January. If you fend me any ac- 
count of your new experiments on the gene- 

ation of plants, I fhall be able to make ufe 
of it at the end of Part the Xth, provided it 
does not come too late. _ 

. My wife was very fenfible to the politenefs 
of your obliging recolleGion of her. She 
defires me to prefent her compliments and 
congratulation on the fuccefs of your in- 
quiries. Her health is rather better this win- 

R 4 ter 



248 TE | alot ES RAIL.) 

ter than it was the laft; but returns of the 
cholic, from time to time, make her fuffer 
feverely. . 
You and the univerfity have loft a great 

protector: but I am certain, that her fuc- 
ceflor will patronize the arts and fciences. 
The Guardian Angel of Auftrian Lombardy, 
Count Firmian, has fuftained a great loi; 
and his feeling heart will be deeply fenfible 
of it. Prefent to that Sage frefh affurances 
of my refpe& and unfeigned wifhes for ‘his 
welfare. Accept yourfelf the vows which 
I am inceffantly offering for you, my dear 

‘and celebrated friend, and entertain as much 
efteem for meas I feel for you, 

| The Contemplator of Nature. 
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GENERATION OF THE PLANTS, DENO~ 
MINATED BY LINN#US SPARTIUM 
JUNCEUM, VICIA FABA, PISUM SATI~ 
VUM, DOLICHOS UNGUICULATUS. 

wah i THOEVER is acquainted with Natu- 
Oe ral Hiftory cannot be ignorant, that 
the three principal fyftems. refpecting the 
generation of animals, the fyftem of the 
ovarifis, that of the vermiculiffs, and that 
founded upon the two Zquors, have been 
transferred, with the neceflary modifications, 
to plants. Some think, that the embryos. 
pre-exift in the ovarium, others that they 
are tranfported thither in the impregnating 
powder, and others believe, that they are 

. generated in the ovarium, by the combina- 
tion 
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tion of two fecundating principles, the one 
furnifhed by the piftil, the other by the fta-_ 
mina. 
My chief aed being to inveftigate the 

generation of certain plants, I conceive there 
can be no better way to arrive at truth, than 
to fix my attention chiefly upon the ovarium. 
‘That I might have the greater chance of fur- 
prifing Nature in her operations, I deter- 
mined to examine this organ at three dif- 
ferent periods; before fecundation, at the 
time it takes place, and after it has been ef- 
fected; or, what amounts to the fame thing, 
after the afperfion of the pollen.. I was 
therefore obliged to examine the flowers 
while they were yet clofed, when they were 
in full bloffom; for that is the feafon of im- 
pregnation,. and after the petals had dropped. 
f begin with the fpecies denominated by Lin- 
neus and others, Spartium Funceum, Rufhy- 
twigged broom. | 

II. From the nature of this plant, as wellas 
of others without number, the flowers of the 
fame branch are not all equally forward, fome 
being in the ftate of a {mall bud,—thefe are 
‘fituated highefton the branch; others already 
blown, or about to blow,—thefe oceupy an 
intermediate fituation; and others again fallen 
or falling, —-thefe grow on the loweft part. 
The fame branch therefore furnifhed matter 
for various obfervations. The fmalleft buds 
were firft to be examined. They are per- 
fe@ly compact, and form a folid body, fearce 
a line in length. If they be dexteroufly 
opened with fine inftruments, the petals may 

‘‘be difentangled and brought into view. 
They are of a light green, without any tinge 

of 
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of yellow, which is the colour of the ripe 
flowers. When the petals are removed, the 
ftamina and piftil, the organs of generation, 
come into view. The powder of the an- 
there may be perceived ; it is far from being 
ripe, as is evident, not only from the ex- 
treme minutenefs of the granules of which 
it is compofed, but from its want of vola- 
tility, a property it eminently poffefles when 
mature. It is now fixed to the anthere by 
means of avifcid matter. The piftil, extremely 
tender, arifes from the middle of the flowers. 
If its bafe be freed from the furrounding 
teguments, and attentively examined with a 
glafs, the pod may be feen formed about + of 
a line in length. If the pod be examined 
externally, feveral tumours may be feen along 
the fides, which, when obferved again the 
light, are found to be produced by granules. 
lodged within the pod, or, as I fhall call it, 
the ovarium. Upon opening the ovarium 
longitudinally, thefe granules are found to 
be feeds, of very fmall fize and round fhape; 
they are diftributed in their natural order, in 
fo many depreflions or fockets, and attached 
by filaments (appiccature) to the infide of 
the ovarium, juit as the ripe feeds are in the 
ripe and dry pods of the plant. Thefe feeds 

‘| are not found, upon diffection, to confift of 
an external cover, and a nucleus compofed 
of two lobes, with a germ or plantule, as in 
their mature ftate; but they exhibit an ap- 
parently homogeneous fubftance, fpongy, 
and like a tender jelly. From the reafonable 
fuppofition abi I formed, that thefe are 
the feeds, it follows, that they exift in the 

ovaria at leaft twenty days before the flower 
| 1S 
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is in full bloom, or in other words, before 
fecundation. Flowers at leaft of equal fize 
of another branch, growing from the green 
ftem of the fame plant, were not full-blown 
before the twenty-fifth day. 

III. The diffection of feveral buds, larger 
by about one-half than the preceding, pre- 
fented the following phenomena. The 
petals, which were beginning to affume a 
yellowifh hue, were not now fo clofe and 
compact; and the fecundating powder {tll 
adhered to the fummits. The ftamina were 
become longer and thicker, as alfo was the 
pittil. The ovarium was not fo fmall, and 
the feeds had grown in proportion ; their fub- 

~ {tance was not fo gelatinous, though it con- 
tinued ftill homogeneous and fpungy. 

In flowers a little further advanced, the 
only difference confifted in an increafed 
{ize of the petals, ftamina, piftil, and feeds. 
Nor was there any effential change when the 
petals were expanded, and the powder of the 
{tamina, being now mature, might be fhaken 
from the anthere by the flighteft agitation, 
and diffufed itfelf in a cloud through the air. 
In the feeds I could not at this period difco- 
ver either lobes or plantule, but they were of a 
greenifh colour and uniform fubftance, which 
was fpungy and full of moifture. Yet I could 
diftinguifh the lobes and plantule in the ripe 
feeds contained in thofe pods, which had ac- 
quired a black colour, and were grown dry. 
It was therefore neceflary to infer, that the 
‘two lobes and the plantule are either gene- 
rated, or rendered vifible during the ripening 
of the feeds. Hence, in order to difcover the 
generation or the appearance of thefe parts, I 

was 
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was obliged to continue my obfervations till 
I had gained fome fatisfa@ion upon this 
curious and interefting point. 

I began with the ovaria or pods, from 
which the flowers had fallen fome time. In 
ten days afterwards there was no ‘difference. 
On the eleventh fome new appearances began 
to take place in’ the feeds... They were. no 
longer round, but refembled’ an ‘heart, of 
which the bafis was attached:to the. pod by’ 
an appendix, and towards the apex, when 
gently compreffed, there appeared a whitifh 
point in motion. When the heart was cut 
open longitudinally and the infide infpected, 
this white point proved to be a fmall cavity, 
inclofing a drop of liquor, which had been 
made to move by the preffure of the fingers. 
Twenty-one days after the pods were 

ftripped of their flowers, the cavity, whith at 
firft appeared at the apex, was enlarged, and 
extended much farther towards the bafe; it 
was full of a tranfparent liquor, with which 
the fpungy fubftance of the feeds was alfo 
moift. On the twenty-fifth day the cavity 
was more enlarged, and {till full of liquor; it 
moreover contained a very fmall femi-tranf- 
parent body, of a yellowifh colour, gelatinous, 
and fixed by its two oppofite ends to the fides 
of the cavity. : | 
Inamonth the feed was much enlarged, and 

its fhape is changed froma heart to a kidney; 
the little body contained in the cavity is in- 
creafed in bulk, is become lefs tranfparent 
and gelatinous, but there appears no fign of 
organization. rah . 

On the fortieth day the cavity, now grown 
larger, is quite filled with the body, which 

deferves 
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deferves to be more particularly examined. 
It is furrounded by a thin membrane, fome- 
what vifcid and tender; after this membrane 
is removed, the body appears bare, and without 
any other teguments; it is of a bright green 
colour, and may eafily be divided by the point 
of a needle into two portions, in which are 
manifeftly recognized the two lobes ; «within 
thefe we may eafily perceive the plantule ex- 
ceedingly fmall, and attached to the lower 
part. ‘The lobes, together with the mem- 
brane, are afterwards defended by a hufk or 
fkin, which forms the outfide of the feed. 
The reader will eafily guefs what after- 

wards happened to the pods as they grew 
riper. The lobes and the plantule were only 
more and more developed, and by degrees 
acquired greater firmnefs. And in this man- 
ner did the feeds of the broom arrive at 
maturity. 

V. The foregoing obfervations fhew, 1. 
That the feeds of this fpecies exift in the 
ovarium many days before fecundation. 2. 
That they remain for fome time folid, and 
then a cavity, containing a liquid, is formed 
inthem. 3. That after fecundation a body 
begins to appear within the cavity, fixed by 
two points to the fides; and when in procefs 
of time it has attained a larger fize, it proves 
to be the two lobes inclofing the plantule. 
4. That the ripe feed confifts of two lobes 
adhering to the plantule, and furrounded by 
a thin membrane, which is itfelf covered with . 
a hufk or cuticle. . | 

Thefe deductions illuftrate the generation 
of the plant in queftion. We learn, that the 
embryos do not appear till after the fale 

OT 3° 
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of the flowers, and confequently not till after 
fecundation, though the feeds, or, to fpeak 
more properly, the integuments of the feeds 
may be feen long before. 

VI. Having analyfed the fru@ification of 
this fpecies of broom, I proceeded to that of 
the common bean, Vicia Faba. I began with 
thofe which had the fmalleft bloffoms. They 
appear externally of a green colour, and like- 
wife internally, if the tender petals be un- 
ravelled; here and there, indeed, the green 
approaches’ to a white. The ftamina are vi- 
fible; the anthere, inftead of pollen, exhibit 
a -vifcid gelatinous fubftance. The piftil 
is of a white and green colour; towards the 
apex it is villous, and within the bafe or ova- 
rium, if it be infpe@ed againft the light, 
may be perceived the feeds. It may be re- 
marked, that the ovarium of the bean more 
eafily {plits into two than that of the broom, 
and that the feeds of the former plant are in 
like circumftances larger than thofe of the 
latter. The feeds of the bean are roundifh, 
but on one fide there is an hooked and fharp 
beak. They are femi-tranfparent, gelati» 
nous, and when opened, are found to be folid 
and without a cavity. 

If bloffoms not quite fo {mall be examined, 
the powder of the ftamina is perceptible; it 
is found to be imbedded in a glutinous fub- 
{tance. The ovarium having now attained a - 
larger fize, contains feeds proportionally in+ 
creafed in fize; they are neither fo gelatinous 
nor fo tranfparent, but they contain no cavity. 
Other feeds further advanced, and belonging 
to blofioms about to bpen, or already ex- 
panded, are in the fame ftate, . a0 

‘ 
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The cavity is not vifible till the 3d or ath. 
day after the falling of the flowers; it is then 
found to be full of atranfparent liquor. The 
feeds and the cavity increafe together, and | 
fifteen or twenty days after the fall of the 
petals, the cavity contains a body, which, 
when magnified, feems to be fplit into two, 
though the obferver cannot be certain of this 
till afterwards ; when if he opens feeds nearer 
maturity, he will find them to divide very 
eafily into two portions. ‘Thefe portions are 
manifeftly the two lobes, within which is 
contained the: tender nafcent plantule. If 
the lobes and the plantule be treated with 
extreme care; a mucous filament is found at- 
tached to the plantule, which, after paffing 
between the lobes, is implanted in the fub- 
ftance of the little feeds. The lobes and the 

-plantule are merely developed in procefs of 
time. "They. are covered, as in the above- 
mentioned broom, with the integuments of 
the feed. | | 

VII. I fhall relate at once my obfervations 
upon peafe and &zduey-beans, the appearances 
they. offered being perfectly alike. . The 
feeds are found in the ovarium full formed, 
when the flowers are little advanced, and 
when the buds are yet fcarce vifible. The 
feeds now feem to confift of an homogenots 
fubftance, and are without any internal cavity. 
The fame may be faid of them when they 
are become many times larger, and when the 
powder of the anthere is ripe. The cavity 
begins to be vifible fome days after the 
withering of the flowers, and in ten or 
twelve days more it is enlarged, and a white 
mucilaginous point connected by a flender 

filament 
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filament with the feeds may be perceived in 
it. This point is the rudiment of the lobes, 
between which the plantule may be diftin- 
guifhed by the aid of the microfcope. What 
follows may eafily be imagined: the lobes 
and plantule increafe in fize, and their in-’ 
creafe implies the growth of the feeds which 
contain the lobes. © 

If we compare thefe obfervations upon 
kidney-beans and peafe with the foregoing 
upon broom and beans, we fhall find, that 
they all contribute to prove that the feeds, 
or their integuments, exift before fecunda- 
tion, but that.the plantule and the lobes cans 
not be feen till afterwards. F 

It would therefore appear, that thefe refults 
do not agree with my obfervations on amphi- | 
bious animals; for in them I found the 
fetufes before impregnation. But are we 
immediately to conclude, thatin the procefs of 
generation Nature follows two different me- 
thods in plants and in animals? The prin- 
ciples of found reafoning donot permit me to 
make fo hafty a declaration; they require, 
that I fhould carry further my refearches on > 
plants. Thefe refearches I undertook, and a 

| relation of part of them fhall be the fubje& | 
of the following chapter. | | 

Vou. II. S CHAP, 
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GENERATION OF THE PLANTS DENOMI-~ 
NATED BY LINNAEUS, RAPHANUS SATI-~ 
VUS, CICER ARIETINUM, IXIA CHINEN- 
SIS, DELPHINIUM CONSOLIDA, CUCURBI- 
TA PEPO, CUCUMIS SATIVUS. EXAMI- 
NATION OF THE POWDER OF THE STA- 
MINA. 

VILL.) Apbanus fativus, common Radifh. 
R The feeds are vifible in the ovarium. 

long before the powder of the anthere is 
ripe. They are folid, and continue fo till 
twelve or fifteen days after the falling of 
the flowers: the ufual cavity then appears, of | 
fmall dimenfions’ at firft, and full of liquor, 
but. fucceflively enlarging, infomuch that 
about the 20th day, it occupies almoft all the 
infide of the feeds. In three or four days 
more, the lobes are feen furrounded as ufual 
by a tranfparent liquor; and we may foon 
atterwards perceive between them a mucilagi- 
hous filament, ‘attached by one end ‘to the 
plantule, and by the other to the internal 
cavity of the feeds. When the feeds are 
nearly ripe, the two lobes are confiderably in- 
creafed; they refemble a pear with its ftalk ; 
the ftalk is implanted into the concave fur- 
face of the feeds. If the lobes be taken out 
and carefully examined, the ftalk appears to 
be part of the plantule; and inftead of two 
lobes, the number obferved in the plants be- 
fore mentioned, there are four; the two 

{maller 
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fmaller. are implanted in the two greater; 
they are all united, and fo attached to the 
plantule, as with it to form one-body. 4, 

IX. Cicer. artetinum, .Chick-pea. The 
piftil in this plant reprefents in miniature a 
gourd, of which the belly is, the bafe of the 
piftil; or, as I call it, the ovarium. If this be 
opened longitudinally twelve or fifteen days 
before fecundation, two pointed feeds, folid 
and of a green colour, comeinto view. As 
the parts of fructification ripen, the ovarium 
{wells and takes the form of a purfe,. to which 
the feeds are attached. About.four or. five 
days after fecundation, the ,cavity begins to 
form, and on.one fide of it.may be perceived 
two very minute lobes; if they, be carefully 
opened, the plantule is feen attached to the 
feeds .by a mucilaginous filament. Nothing 
further takes place except a progreflive evo- 
lution. 34 | dv 

X. Ixia chinenfis. Having opened longi- 
| tudinally the ovarium, of one of the fmallet 

: buds, which. is oblong and prominent at the 
. centre, we find the pyriform feeds difpofed 
in their natural order, and. perfectly folid 
within. The fame thing may be obferved 
when the petals are opened, nay, after they 
are fallen, and ftill nine or ten. days more 
‘elapfe.before the cavity begins to open. This 
plant is diftinguifhed by a peculiarity which 
mui{t not be omitted. At firft the cavity is 
full .of a tranfparent liquor, which in time 
thickens, and at. length is converted into.a 
white gelatinous matter, not unlike coagulated 
milk. The confiftence becomes gradually 
firmer, and. before:the feeds are ripe, re- 
-fiftance is felt on attempting to cut it with a 

. : O12 knife. 
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knife. This fubftance, thus hardened, oc- 
eupies the whole cavity of the feeds, nor can 
there be perceived the  {malleft veftige of the 
Jobes. - My obfervations were made: upon 
feeds not yet arrived at perfect maturity, but 
T' could not continue them for want of riper 
feeds. Arewe to fuppofe that the fubftance, 
which is at firft liquid, then gains fome con- 
filtence, and at laft becomes hard, performs 
the office of lobes, fo that they are produced 
in this inftance in an unufual manner; or is 
it more probable, that the lobes appear later 
than in other feeds? The phenomena of 
another plant; ‘of which Iam now to fpeak, 
incline me rather to the latter opinion. : 

XI. Delphinum confolida, Varkfpur, fub- 
divided larkfpur. The appearances noticed 
during the growth of the feeds of the Ixia, 
recurred on the prefent occafion: ‘The cavity, 
which is ufually formed after the falling of 
the petals, is feon filled with liquor, at firft 
tranfparent, then whitifh, and afterwards of 
the colour and confiftence of milk. If the 
feeds be now boiled for a fhort time, the 
milky hquor is changed into a matter like 
pomatum. There appears, upon examination, 
no fign of organization, When the feeds 
are nearly ripe, the confiftence of ‘the white 
liquor is increafed, and when they are arrived 
at maturity, its hardnefs is confiderable. 
The plantule and the lobes may now be dif- 
tinguifhed, but they are fo buried in the 
midit of this indurated matter, that it is dif- 
ficult at firft to diftinguifh them certainly, | 
as well on account of their minutenefs' as 
their white colour. This obfervation, which 
agrees fo nearly with the preceding, leads me. 

to 
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to fufpe&, that the milky liquor of the Zxza, 
which is firft coagulated and then hardened, 
does not coftitute the lobes,.but only enclofes 
and conceals them. They are invifible, either 
on account of their minutenefs, or becaufe the 
feeds are not yetripe. In the prefent fpecies, 
the late appearance of the lobes, which does 
not takes place in much lefs than a month 
after fecundation, is very remarkable (a), 
. XI. Cucurbita Pepo, Common Pumpion 
or Pumpkin. Difregarding for the prefent 
the male flowers, as having no relation with 
the prefent inquiry, on account of their fte- 
tility, I directed my attention to the female 
flowers, beginning with the bloffoms. that 
were leaft advanced; {mall, however, as they 
are, ‘the little pumpion is already formed un+ 
der the bud, and the feeds within it are very 
vifible. In this plant there is a peculiarity 
in their ftru@ure. They are not compofed 
of an homogeneous fubftance, as the unripe 
feeds of other plants, but confift of two 
matters, a fhell and a nucleus. When the 
feed is cut tranfverfely, thefe two fubftances 

(a) I found, by obfervations made a year afterwards, 
on more advanced feeds of the Ixia, that my fufpi-. 
cion was juft. When a longitudinal feciion is made 

‘along fuch feeds, the plantule is very vifible; it has the 
fhape of a cone; the bafe lies at the bottom of the feed, 
and the apex reaches about as high as the middle. The 
whole plantule is imbedded, and hid in the milky matter, 
which at this period is very hard. I, muft moreover ob- 
ferve, that notwithftanding ali my pains, I could not dif- 
cover the lobes; perhaps. the. part I call plantule might 
ferve in their ftead. The appearance of the plantule is 
as laté in the feeds of the Ixia,’ as in thofe of the lark- 
fpur. Pere tReet eee eet eee 

du appear, 
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appear in the plane of fe&ion; if a portion 
of the divided feed be held by the flat fides 
between the finger and thumb, and preffure 
be made towards the cut, the nucleus quits 
the hufk, and flies into the air, as the {tone 
of a cherry does when preffed in like man- 
ner. If the nucleus be taken whole out of 

| its:cover, it appears in the fhape of a pear 
with its ftalk, and bears, moreover, a per- 
fect refemblance to the lobes with the plan- 
tule. But are we to conclude, that the plan- 
tule is really vifible here before fecundation ? 
I confefs, this firft obfervation on the fructi- 
fication of the pumpkin, was very near lead- 
ing me to adopt this opinion. But one cir- 
cumftance fuggefted a: doubt. In other 
plants the lobes are cafily feparable into two, 
and fometimes into four (VIII); in the pre- 
fent cafe, the nucleus would not admit of 
fuch a feparation, but .formed a perfect 
whole. The beft way of removing my per- 
plexity, evidently was.to profecute my obfer- 
vations. From the examination of three 
larger buds I learned, that the nucleus yet 
confifted of one body, and that it adhered fo 
firmly to the cover, that it could not at all, 
or at leaft not without great difficulty, be 
parted from it. But the cover or rind ap- 
peared much more complex than I had at 
firft conceived. It confifts of three diftin& 
membranes; The. firft or outermoft is the 
moft thin and delicate of all; it may be de- 
nominated the cuticle or epidermis. The 
fecond, which lies immediately under the 
firft, is thicker, and of a whitifh colour, and 
has a degree of hardnefs approaching to that. 
of wood; there is fome difficulty in fepa-. 

(3 | rating 



DISSERTATION IL 263 

rating it from the third, which invefts the 
nucleus; this innermoft fkin or membrane is 
greenifh and firm, but not fo firm as the 
fecond. | | i 
The infpection of the feeds, twenty-five 

days after the falling of the flower, gave me 
an opportunity of obferving other new cir- 
cumftances. The nucleus, which fo much 
refembled the lobes, had difappeared, and in 
its ftead, there was a membranous fac, ter- 
minated by a beak, that was attached to the 
infide of the feeds. The fac was fomewhat 
tumid, with a liquid. ftagnating within it, 
as became evident. whenever it was perforat- 
ed. By gently laying hold of the beak with 
a pair of forceps, the little fac may without 
Ha culty be entirely removed. It is com- 

_ pofed of two membranes, which, when 
opened, are found to contain a very tender 
mucilaginous body full of moifture. This 
body arifes from the infide of the apex of the 
feed, and extends about half its length; it 
is attached to the place at which it termi- 
nates.. The flighteft touch. breaks and de- 
ftroys it. When examined by the micro- 
fcope, it appears reticulated, whence I con» 
clude that it is organized, dA 

In feeds further advanced, when the flowers 
have been withered above a month, the mu- 
cilaginous body enclofed in the membranous 
fac is much .enlarged, and at the infide of 
the apex of the feed appears a white, folid, 
and conical particle, which, when attentively 
examined, appears to be the germ or the 
plantule in miniature. To the plantule are 
attached the two lobes like it, of a white 
colour, and exceeding it in fize; the mucila- 
ginous filament above-mentioned pafles in the 

: $ 4 middle 
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middle between them, and is inferted intò 
the plantule. It is eafy, from what has been . 
faid above, to guefs how the feeds gradually 

. advance towards maturity. The mucilagi- 
nous filament enlarges in its dimenfions, the 
plantule increafes, and the two lobes ad« 
vancing in bulk and mafs, come at laft to 
occupy almoft all the infide of the feed. It 
appears, therefore, that I fhould have been © 
greatly deceived if I had taken the nucleus, 
which is found within the feeds before the 
opening of the flowers, for the lobes and the 
plantule, fince thefe parts do not make their 
appearance till a month after the withering 
of the petals. | i 

XIII. Cucumis fativus, Cucumber. My 
obfervations ‘on the feeds of this plant, fo 
exactly refemble thofe cn the feeds of the — 
pumpion, both with refpe& to the appear- 
ance of the nucleus before fecundation, the 
membranous fac, and the gelatinous fub- 
ftance, which are obferved afterwards, and 
laft of all the lobes and plantule, that I think 
it unneceflary to enter into a particular ac- 
count of them. I fhall only fay, that in the 
cucumber the plantule and the lobes feem to 
me to become vifible {till later: they at leaft 
were very fmall in one inftance, when the 
fruit was nearly ripe, and beginning of courfe 
to turn yellow. 

I afterwards proceeded to examine other 
plants, Hvbi/cus Syriacus, the Syrian fhrubby 
Mallow, A/cea rofea, rofe-flowered, or com- 
mon Hollyhock, Acanthus mollis, foft or 
fmooth-leaved Acanthus, Convolvulus purpu- 
reus, purple Bindweed, to which may be 
added Ocymum Bafiicum, {weet Bafil, os 

| -- dita 
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bita citrullus, Cannabis fativa, Hemp, Mer- 
curtalis annua, annual Mercury. All thefe 
plants perfectly agree in the appearance of 
the feeds long before fecundation, and of 
the plantule and lobes, fome time after the 
ripening and diffufion of the pollen. This 

- general obfervation perfectly coincides with 
the account of the great naturalift Duhamel, 
given long fince in his Phyfigque des Arbres. 
Speaking of the formation of the feeds of 
trees bearing fruit with ftones, fuch as the 
almond, th epeach, plum, cherry, &c. he 
adduces many facts to prove, that when'a 
ftone, which ‘has attained its full fize, is 
opened before the fruit is ripened, (and we 
may make the experiment a long time after 
fecundation), it will be found full of a vifcid 
liquor ;.a white body, he fays, begins to ap- 
pear within the point of the kernel, enclofed 
ina fmall tranfparent bladder: this body is 
the rudiment of the lobes with the plantule; 
they grow till they fill the whole capacity of 
the ftone. From the coincidence of fo many 
facts, I think myfelf authorifed to infer, 
that this law is obferved by Nature, if not 
in all plants, yet in a great number. 

XIV. But with which of the three theories 
refpecting the generation of plants (I), do 
my numerous obfervations beft agree? My 
‘principal aim was, as I have already remark- 
ed, to find, if poffible, data fufficient for the 
folution of this difficult problem. Should 
we be content.with firft appearances, we 
might perhaps think that fyitem preferable, 
according. to which, the embryos of plants 
are conveyed, at the time of fecundation, by 
the powder of the anthere into the alito 

e 
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The embryos have never been found in this 
organ before the afperfion of the powder, 
They always make their appearance after the 
pollen has been obferved upon the anthere. 
ft fhould therefore feem, that the exiftence 
of the embryos dire&iy depends upon this 
powder; and it may be inferred, with fome 
degree of probability, that the embryos pre- 
exuft in o pollen; end that when it falls 
upon the ftigmata, they are conveyed through 
particular ducts into the ovarium. A learned 
naturalift (a), has accordingly been led to 
adopt this opinion, by the obfervations of 
fome perfon, who pretended to have feen the 
embryos in the ovarium, immediately after 
the fummits had difcharged their fecundat- 
ing duft. But whoever confiders, with a 
little attention, the force of the argument, 
will find, that it is not very convincing. It 
is in the firft place not true, that the em- 
bryos may be perceived as foon as the powder 
has fallen from the ftamina. They do not 
come into view for more than a week, and 
fometimes not till a month after the difper- 
fion of the powder, as 1s evident from all the 
obfervations I have hitherto related, and 
from others which I fhal] hereafter relate. 
In the fecond place, this mode of reafoning 
is, as Mr. Bonnet has very well remarked, 
illogical; when we infer, that the embryo 
does not exift in the ovarium before fecunda- 
tion, becaufe it is not vifible before. that 
time, we argue from invifibility. to non- 
exiftence, a fallacious way of reafoning,; as 

(a) Needham: Nouv. decouvertes faites avec le Mi. 
crofcope. eu Di 

many 
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many inftances may be brought to fhew: in 
the impregnated egg, for example, the beft 
microfcopes will not bring the chicken into 
view, though we are fure that it is prefent. 
Notwithftanding the inconclufivenefs of the 
argument, there feems no abfurdity in fup- 
pofing the embryo of the plant to pre-exift 
in the powder, and thence to pafs into the 
ovarium. To remove thefe uncertainties, I 
refolved to give my inquiries a different di- 
rection. | 

XV. If the embryos of plants be really 
lodged in the pollen, why cannot we difcern 
them by microfcopes of high magnifying 
powers? The thing did not feem improba- 
Di: and I thought it would be proper to. 
turn my refearches to this object. I ac- 
cordingly examined the ripe pollen of feveral 
plants, and efpecially of thofe upon which 
the foregoing obfervations were made. In 
the flowers of thèfe vegetables, I found the 
powder to refemble very nearly that of others 
examined by botanifts, and in particular by 
Duhamel; it formed an aggregate of par- 
ticles, differing in figure in different plants; 
in fome the particles are round, in others 
elliptical, in others pyramidal or conical, in 
others of an irregular form. Sometimes 
they are finooth, fometimes prickly, and at 
others covered with knobs. They are in 
different plants tranfparent, opake, yellow, 
white, blue, or carnation. The fize varies 
according to the difference of the flowers. 
But thefe corpufcles are not, according to 
the common confent of Naturalifts, imme- 
diately concerned in the generation of plants. 
They are veficles, fheaths, cafes, —, ate 

wha- 
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whatever name we may chufe to diftinguifh 
them, for the moft part full of athin liquor, 
which, when they are moiftened, they emit 
with force. /In‘this liquor floats a multitude 
‘of very {mall globules, which, at the time 
of explofion, ate thrown in different direc- 
tions. ‘Thofe who adopt the theory we are 
confidering; fuppofe the rudiments or em- 
bryos of the plants to be lodged in this li- 
quor. It was therefore proper to fix my 
attention upon it, and ‘to try whether { 
‘could perceive any thing refembling an em- 
bryo. When the embryos are firft feen in the 
feeds, they reprefent a {mall pointed body, 
to which two larger bodies are affixed, like 
the clofed wings of a butterfly; thefe are the 
lobes. I examined the liquor with great at- 
tention, in order to fee whether it contained. 
any fuch bodies, or any thing like them. I 
ufed. glaffles: of various powers, from the 
loweft to the higheft; but I could difcover 
nothing except the liquor, which in fome 
cafes is like oil or melted fat, and the glo» 
bules that ufually foat.in it. As the liquor, 
a fubftance without organization, cannot be 
what we term embryos, I had only to ex- 
amine the globules; but I could perceive 
nothing in them, which bore any refem- 
blance to lobes or embryos. Thefe, as the 
word g/obule imports, are round. bodies, 
or fuch as have nearly that figure; they 
conftantly retain it with whatever micro- 
{copes they are examined. Nor did their 
form change, when I ufed the folar mi4 
erofcope, which fo prodigioufly enlarges ob+ 
jects. Of thefe facts, it is the direct cons 
fequence; that we cannot affert, with any 

proba- 
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pro balrRa: that the embryos of plants are 
odged in the pollen. © | Tp, 
It may, Tam weil aware, be objected, that 

the globules are the real embryos, and retain 
their round fhape-as long as they continue 
in the powder; but that as foon as they pafs 
into the ovarium, and find a proper fupply of 
nourifhment,: they unfold die parts which 
were before concentrated in a‘minute globe, 
and affume the fhape of the lobes and plan- 
tule; juft as the tadpoles of the frog and 
toad, according to my ‘obfervations, repre- 
fent fo many globules as long as they remain 
in the body of the-female, but when they 
come to be nourifhed -with the liquor of the 
amnion (2), they put‘on the real form of the 
tadpole. Such’an objeQion may be ftarted, 
but it amounts to no more than a bare poffi- 
bility, that the globules floating in the liquor _ 
of the pollen may bée*theembryos. But I 
am not fecking for poflibilities; I am in- 
quiring whether the fuppofition is probable; 
whether there-is any juft- motive for fup- 
pofing the embryo to pre-exift in the powder 
of ‘the ftamina: and my obfervations thew 
not any fuch probability, or any fuch juit 
motive. Not having, by thefe’means, ob- 
tained the information I fought, there re- 
mained one other chance of folving the pro- 
blem, by interrogating Nature in a different 

manner. ‘Phis«was to try, ‘whether the em- 
' bryos would appear and grow to’ maturity, 

when the powder of the anthere was hin- 
dered from a&ifig upon the‘piftils. Should 
the event be fuch, it would be evident, that 

(a) Diflert. I. O 
| the 
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the embryos do not belong to the pollen, but 
the ovarium. ‘The experiment might be 
made in three ways, either by cutting away 
the anthera of hermaphrodite flowers, before 
they fhed their powder upon the piftil; or 
by removing the male flowers of thofe plants, 
in which they grow feparately on the fame 
individual before they are ripe; or laftly, by 
keeping the male plants at fuch a diftance 
from the female, that there can be no fufpi- 
cion of their duft reaching them; this ex- 
periment relates to plants producing two 
forts of individuals; one provided with fta- 
‘mina only, the male, and the other with pif- 
tils only, the female. Thefe experiments, 
together with fome obfervations, will fur- 
nifh matter for the two following chapters. 

Gi ALS (AL ioe Lad 

GENERATION OF SOME HERMAPHRODITE 
AND MONOICOUS PLANTS, UPON WHICH 
THE POWDER OF THE STAMINA WAS 

. PREVENTED FROM ACTING,CALLED BY 
LINNZEUS OCYMUM BASILICUM, HIBIS- 
CUS SYRIACUS, CUCURBITA MELOPEPO 
FRUCTU CLYPEIFORMI, CUCURBITA 
CITRULLUS. 

sage | BEGAN with an hermaphrodite 
plant, viz. that fpecies of Bafil which 

is often raifed in pots, and called by botanifts 
Ocymum Bafilicum, {weet bafil. I happened, 

at 



DISSERTATION It. D7% 

st the time I conceived the defign of enter- 
ing upon this inquiry, to have fome in blow, 
and others of which the flowers were not yet 
expanded. That Imight form a jufter judg- 
ment of my experiments, I refolved to com- 
pare flowers, in which the pollen had acted 
with others, in which its influence had never 
been exerted.: My obfervations upon the 
former were the following: every bloflom 
of bafil had four ftamina, in the midt of 
which rifes the piftil; the ftamina, as well 
as the piftil, are diftin&ly vifible twelve days 
and more before the opening of the flower, 
when the petals have been cautioufly re- 
moved. The feeds appear at the fame time 
in the ovarium; they are four in number, 
and have an oval fhape. They continue folid 
for feveral days after thè falling of the flow- 
ers, but foon afterwards, while they are in- 
creafing in bulk, a cavity, like that which I 
have obferved in the feeds of other plants, 
begins to form. Within this cavity, we may 
in a fhort time difcern a folid point, at firft 
fhapelefs, but foon putting on the form of the 
lobes and plantule. Meanwhile the cavity 
‘becomes mofe capacious, as the plantule and 

| Jobes grow, and at length thefe bodies oc- 
‘‘ cupy the whole infide of the feeds. Such is 
‘the procefs of Nature in thofe flowers of 
bafil, in which the powder of the ftamina is 

_~ left to produce its effects: we have feen that 
‘ the fame phenomena occur in other plants. 

« XVII. it is now proper to proceed to 
the ‘other more interefting part of our com- 
pote inveftigation, and to obferve what 
‘becomes of the embryo, when the influence : 
of the pollen is withdrawn. At the time 
when the flowers were about to open, I cut 

| | away 
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away the four anthere, which now were full 
of ripe pollen. But this operation alone did 
not fatisfy me. The exceflive tenuity of that 
halitus, which burfts from the pollen (XV), 
and which, in the general opinion of bota- 
nifts and naturalifts, has an immediate effect 
in generation, (in whatever manner it may 
produce this effect) rendered it neceflary not 
only to remove the pollen, by cutting away 
the anthere of thofe flowers upon which the 
experiment was made, but alfo to keep at a . 
dba the pollen of other flowers growing. 
on the fame plant.. This end was eafily ob- 
tained, by plucking off all the flowers as they 
were about to be expanded, except thofe 
which were the fubject of my experiment. 
The pot was placed on a window, and there 
grew near it no other plants of the fame kind, 
either in pots or in the ground. I cannot 
relate what happened without aftonifhment. 
The feeds, fome time after the falling of the 
flowers, became hollow within, and in the. 
cavity appeared the lobes and the plantule, 
which grew till they filled the whole capacity 
of the feeds. In fhort, the various phafes. 
aflumed by feeds that have been fubjected to 
the influence of the pollen, were obferved , 
without any difference in others, which may | 
reafonably be fuppofed never to have felt that 
influence. | hi 

XVIII. I could not however acquiefce in 
this refult: but was rendered uneafy by a fuf- 
picion; that fo delicate an experiment had not 
been executed with all the .neceflary precau- 
tions. According to the common opinion 
of philofophers, the powder of the ftamina 
exerts its ation while the flowers are openr . 

: ing, 
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ing, or foon after they are blown. But on 
opening the flowers of bafil two or three days 
before their time, I thought that in two or 
three inftances part of the pollen was ripe, 
and that one or two grains had fallen upon 
the piftil, which lies very clofe to the an- 
‘there, and indeed almoft touches them. I 
therefore fufpected, that I had cut away the 
anthere too late, and after the pollen had 
produced its effects. ‘This confideration led 
me to perform the operation upon flowers 
lefs forward, and not liable to fuch a fufpi- 
cion. And now the event was different. I 

| made the experiment upon eighty-four blof- 
-foms. The feeds of about one-third of this 
number fell before they were ripe. In the 
‘ovaria of the reft appearances were ex- 
ceedingly various. Some feeds, notwith- 

|. ftanding it was the feafon of their maturity, 
were as {mail as when the anthere were cut 
away. In fome-ovaria they were larger, but 
withered, dry, or quite fpoiled. In twenty- 
five inftances, they were as well looking and 
as large as thofe which had been fubjected to 
the influence of the pollen. f was not how- 
ever to be fatisfied with external appearances. 
The principal queftion was, whether they 
each contained an embryo, or a plantule at- 
tached to lobes? They a@ually contained 
thefe parts, nor could I, by analyfis or com- 
parifon, perceive any circumftance in which 
they differed from the plantule and the lobes 

of feeds, upon which the influence of the 
pollen had been exertee. Of thefe twenty- 
five feeds, certainly never ated upon by the 
powder of the antherz, twelve were analyfed 
in this manner, and the remaining thirteen 
Vor.1I. 14 were 
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were put into the sround. But they did not 
germinate, while thirteen feeds of the fame 
plant, left to the action of the pollen, and 
fown in the fame place, all came up. The 
immediate and moft ftriking inference to be 
deduced from thefe obfervations is, that the 
fecundation, and fometimes the evolution - 
of the embryos of bafil, depend upon the 
pollen, but not their exiftence. 

XIX. Whilft I was thus employed upon 
bafil, I made obfervations and experiments 
of the fame nature upon Syrian fhrubby mal- 
low, Hibi/cus Syriacus. ‘The anthere were 
cut away from a great number of bloffoms 
before they expanded. J could not however, 
I muft own, be certain, that a grain or two 
of powder had not fallen upon the piftil ; for 
I oftener than once obferved, that it was 
quite ripe. Some feeds fell foon after the 
operation, but the greater part remained in 
their proper fituation, and grew confiderably ; 
they would perhaps have arrived at matu- 
rity, if the coolneis of the atmofphere at the 
fetting in of autumn, had not prevented 
them, as it prevented other feeds of the fame 
fpecies, which were left to themfelves, and 
muft be fuppofed to have been impregnated 
by the pollen. Some of thefe feeds, which 
had grown a good deal, but were yet unripe, 
were black within and fpoiled, others were 
white, in all appearance found, and, what is 
of chief confequence, they contained a plan- 
tule attached to its lobes, which were con- 
volutéd like cut lettuce. From the plantule | 
arofe, in fome cafes, an almoft imperceptible 

gelatinous filament, of which the other end 
was inferted into the feeds. 

When 
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When I cut off the anthera from the blown 
flowers, I performed the fame operation upon 
others feveral days before they were to ex- 
pand. To efteé& my purpofe it was neceflary 
to force open the bud, which could not be 
done without fometimes injuring a petal. 
At this time it feemed certain, that the pollen 
could not have produced any effe&, as it was 
vifcid, and adhered tenacioufly to the fum- 
mits of the ftamina. ‘The refults exa&ly cor- 
refponded with the foregoing obfervations. 
The feeds of feveral fiowers dropped prema 
turely, while in others they continued firm, 
and grew confiderably, but did not ripen: 
fome were vitiated internally ; others con- 
tained lobes and a plantule completely deve- 
loped and found. 

It is obvious, that the confequences of the 
experiments on fhrubby mallow and bafil 
perfectly agree; they equally concur to prove, 
that although the due evolution of the em- 
bryos depends on the action of the pollen, © 
‘this powder neither conveys nor produces 
them. dato 
XX. Having fufficiently fatisfied my curi= 

’ofity, .with refpe& to thefe hermaphrodite 
lants, I proceeded, according to the plan 
aid down in Sect. XV. to plants bearing male 

and female flowers feparately on the fame in- 
dividual. My obfervations were made upon two 
of. this clafs, the pumpion with fhield-form 
fruit, Cucurbita Melopepo fructu Clypeiformi, 
and the citron pumpion, Cucurbita Citrullus. 
I had the feeds of the former fpecies from 
the public botanic garden at Pavia; they 
were fown in the {pring at Scandiano, a well- 
Known and very ern fort belonging ne 

te 2 | the 
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the ftate of Modena, and the place of my 
nativity: here, during the fummer and au- 
tumnal vacations, I employ myfelf in thofe 
experimental enquiries, which are the fubje& 
and the foundation of my unimportant lite- 
rary productions. At my arrival there at the 
beginning of June 1777, two individuals, for 
I had ordered two only to be raifed, were juft 
beginning to put forth a few flower-buds 
towards the bottom of the ftalk. At this 
early period the male flowers may eafily be 
diftinguifhed from the female. The former, 
denominated alfo darren by botanifts, have a 
flender {talk ; while the ftalk of the former, 
where it joins the calyx, forins a tumour, 
confifting of the immature fruit, as is inti- 
mated in Sect. XII. I paid daily vifits to 
thefe two individuals, and very carefully 
watched the progrefs of both forts of flowers. 
That there might be no fufpicion of the 
pollen exerting any influence upon the fe- 
males, the males were deftroyed at their firft 
appearance. As fruit, when a fmall quan- 
tity only is left upon a plant, is fooner ripe, 
and grows to a larger fize, becaufe it receives 
a greater fhare of nutritious juice, I left on 
each of my two individuals two flowers only ; 
the buds that made their appearance after- 
wards were taken away, along with the male 
flowers. Meanwhile my four gourds grew 
rapidly; finding that towards the middle of 
September they had attained the ufual full 
fize, I gathered one, in order to infpe& the 
internal parts. The flefh was too foft, be- 
caufe the fruit was not thoroughly ripe; 
but in colour, -{truéture, and’ tafte, it re- 
fembled fruit produced by plants which had 

3 ; i ON 
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their male flowers, and which I examined 
both before and afterwards at Pavia. The 
feeds were in great number, and, as well in- 
ternally as externally, were perfectly formed ; 
the lobes, indeed, to which the plantule was 
attached, did not occupy the whole capacity 
of the feeds, but they had not attained their 
full fize. At the end of the month the other 
three gourds were quite ripe; I therefore 
gathered them, and put the feeds of each into 

a feparate box, that I might be able to ex- 
amine them at pleafure. ‘The lobes filled the 
whole infide of the feeds, and had all the 

. characters of perfect maturity. 
XXI, Thus far there is a perfect agree- 

ment with the obfervations made on the feeds 
of bafil, which feemed, notwithftanding they 
were deprived of the efficacy of the pollen, 
to have acquired the fame degree of perfec- 
tion as thofe impregnated in the ufual man- 

ner. But as they did not grow, however 
perfect they might be in appearance, becaufe 
they had not been vivified by the pollen 
(XVIII), I imagined, that for the fame reafon 
the feeds of my three gourds would not grow. 
It was, however, proper to make the experi- 
ment. I therefore dried one hundred and 
fifty in the fun, and afterwards planted them 
in three pots, fifty in each, taken from fepa- 
rate gourds. But the latenefs of the feafon, it 
being the roth of October, the conftant rain, 

. and the coolnefs occafioned by it,’ circum- 
ftances unfavourable to vegetation, obliged 
me to place my pots ina ftove, which, though 
it was not heated,. was kept warm by a con- 

| tiguous chimney. ‘The event did not by an 
means correfpond to a expectation ; I took. | 3 it 
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it for granted, that none of the feeds would 
germinate, and yet they almoft all came up 
very well. On-the 15th, ten days after they 
were planted, thirty-feven, out of one hun- 
dred and fifty, were fprung up; the number 
increafed daily, infomuch, that on the 8th of 
November, one hundred and thirty-three ap- 
peared above the mould in the pots. I was 
unwilling to leave the feventeen feeds that 
did not fhoot unexamined; I found that they 
were cither empty, or that the lobes and the 
plantules were vitiated; that is to fay, crifp 
and withered, becaufe they were unripe. 

I referved the remainder of the feeds for. 
another experiment to be made the following 
fpring. Before it can be afferted that fruc- 
tification has been complete, it is neceflary, 
according to the determination of botanifts, 
not only that the feeds fhould grow, but that 
they fhould alfo be capable of bringing 
productive feeds, or, in other words, of per- 
petuating the fpecies, That I might learn 
whether the feeds of my three gourds en- 
joyed this prerogative, I caufed fome of them 
to be planted in the fame place in May 1778, 
and when they were grown to fome fize, 
they were, as in the foregoing experiment, 
carefully ftripped of all their male flowers, 
one female flower only being left upon each’ 
individual. ‘Thefe flowers were furnifhed 
with fmail gourds, which grew ripe towards 
the beginning of autumn, and the feeds they 
produced grew juit as well as the former; nor 
can I doubt that they would have brought. 
forth fruit juft as well, if. [had chofen to 
try them. Ng i My ase aL onl Oe Cae 
Hoy ! From 
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. From thefe facts it appears, that the gourd 
with fhield-form fruit does not agree with 
bafil in the circumftances attending genera- 
tion. The feeds of bafil, to be productive, mutt 
be impregnated by the pollen, but the feeds of 
this gourd propagate the fpecies without fuch 
help. Thethings which I have related fur- 
nifh the moft certain and unequivocal proofs 
of this affertion. It is impoffible to fufpect, 
that the powder of the male flowers, growing 
upon the fame plant with the female flowers, 
had any fhare in producing this effect, be- 
caufe I deftroyed them long before it was 
ripe. Nor can it reafonably be prefumed, 
that any pollen was carried by the air to the 
fpot from places at a diftance. I purpofely 
chofe Scandiano (XX), as there was not a 
gourd of this fpecies any where in the neigh- 
bourhood. We muit therefore of neceflity 
conclude, that neither the embryos of this 
plant, nor its fructification, depend upon the 
‘powder of the ftamina, LT 

XXII, Inow come to the other fpecies of 
gourd, the fecond plant, with male and female. 
flowers growing feparately on the fame indi- 
vidual of which I propofed to treat (XX), 
One root of this fpecies was planted late in 
the {pring of 1779, in the fame garden which 
the two preceding years had produced the 
gourd with fhield-form fruit, The prefent 
plant was in like manner deprived of all its 
male buds, as foon as they began to appear, 
and a few female flowers only were left for 
fructification, fuppofing it fhould take place 
in thefe circumftances. ‘That this plant might 
be infulated, and that no fufpicion might 
arife concerning the influence of adventitious 
athe mecha dI pollen, 
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pollen, I took another precaution, which he 
who is aware of the delicacy requifite in fuch 
experiments will not regard as unneceflary. 
My precaution confifted in enclofing, in 
large bottles of glafs, thofe branches of which 
the female flowers were about to open, and 
fo to lute the necks with a thick cement, as 
to prevent the paffage of the external air, 
which is thought by many to be the vehicle 
of the fecundating powder, into the bottles. 
This artifice eafed my mind of another ap- 
prehenfion. Some botanifts pretend, that 
the fecundation of feveral plants is effected 
by means of infects: According to them, 
bees and other winged infects of the fame 
kind, by creeping into flowers to fuck the 
honey, or extract the wax, are apt to brufh 
away the duft of the ftamina, and to convey 
it on their bodies, from flower to flower; 
in this manner, fay they, are plants fre- 
quently impregnated. ‘The inftances of ar- 
tificial fecundation, which will be here- 
after. mentioned, ‘incline me to admit this 
fuppofition. The difpofition of the bottles in 
the manner above defcribed, not only pre- 
cludes all fufpicion of pollen being conveyed 
to the female flowers by the air, but it like- 
wife hinders the accefs of infe&s. ‘Two fe- 
male flowers about to be’ expanded, were 
vuarded in this manner by bottles with wide 
Fellico, but the bloffoms, as well as the 
young gourds belonging to them, came to 
nothing. The caufe of this failure was the 
perfpirable matter iffuing from the two en- 
clofed branches: it collected at firft in the 
form of dew upon the infide of the bottles, 
and afterwards ran down in little ftreams BPR SEA SE AEST I al Neel 

. 
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‘upon the flowers; hence they perifhed in 
three days. But the unfuccefsful termina- 
tion of this trial did not caufe me to aban- 
don my purfuit; it only taught me how to 
enfure fuccefs. I had only, as appeared from 
the event of this experiment, to prevent the 
flowers from refting upon the fide of the 
bottle. I therefore contrived to fufpend 
them in the middle, fo that they might be 
only juft as much moiftened by the perfpira- 
ble matter, as would be fufficient to keep 
them in a ftate of vigour. In this manner 
two female flowers were enclofed for eleven 
days; that is to fay, from the time they were 
about to expand, till they were withered. 
In the interyal the fruit had grown a little. 
Having thus eafed my mind of fear, left any 
unperceived pollen fhould have been conveyed 
to them at this moft critical period, I re- 
moved the bottles on the twelfth day, and 
expofed the fruit to the open air till it grew 
ripe, which happened about the eighth of 
September. They both feemed perfect; and 

all the infide of the feeds was occupied by the 
lobes and plantule. The growth of the feeds 
of the former fpecies gave me fome reafon to 
hope, that thofe on which I was employed 
would produce plants; and fo it really hap- 
pened: I planted an hundred, fifty taken from 
each pumpkin, of which eighty-nine were 
productive, and confequently eleven failed: 
the caufe of their fterility was the fame as in 
a former experiment (in which feventeen 
feeds of the other pumpkin proved unpro- 
ductive (XXI). The plantule or the. lobes 
Jaboured under fome vice of organization ; 
a circumftance by no means furprizing, as it 

is 
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is obferved in the feeds of the fame plants, 
-when left to the care of Nature. I planted 
the feeds of the prefent fpecies in 1780, as I 
had before fowed thofe of the former in 1778; 
in both cafes the refults relative to fructi- 
fication were exactly alike, It was there- 
fore reafonable to conclude, that frudcti- 
fication in this plant does not, in the 
fmalleft degree, depend on the powder of 
the ftamina, | 

Gi ALBO BY, 

GENERATION OF CERTAIN PLANTS PRO- 
DUCING MALE AND FEMALE INDIVI 
VIDUALS, ON WHICH THE FECUNDAT- 
ING DUST WAS PREVENTED FROM Ex- 
ERTING ITS INFLUENCE,VIZ.CANNABIS 
SATIVA, HEMP, SPINACIA OLERACEA, 
SPINACH, MERCURIALIS ANNUA, AN- 
NUAL MERCURY, 

XXIII, ANNABIS Sativa, hemp. Du- 
ring my refidence at Scandiano, 

in the fummer of 1767, I obferved two pha- 
nomena, which deeply engaged my atten- 
tion. ‘The firft was upon a ftalk of hemp, 
that fprung up fpontaneoufly in my garden. 
Ie was ftrong and tall, and on all fides fur- 
rounded by a wood of branches. It pro- 
duced a great number of feeds, which, in all 
appearance were perfeCtly formed. -I found, 
by experiment, that they were productive, 

O | not- 

RE a prata |, 
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notwithftanding it was the only plant in the 
garden which is very large, and no male 
plants grew within a confiderable diftance. 
Prejudiced as I was in favour of the univer- 
fally received fexual fyftem, I felt fome flight 
fufpicions arife in my mind from this obfer- 
vation; I could not refrain from mentioning 
it as a fingular occurrence to feveral friends, 
and among others to the celebrated naturalift 
Campi Somafco. I however at that time 
thought, that the phenomenon might be 
explained, from the fuppofition of pollen 
conveyed by the wind from the hemp-yards, 
with which the. maquifates of Scandiano a- 
bounds—more efpecially as I was aware of 
the great plenty of this powder, which rifes 
in a thick cloud, when the plant is fhaken. 
I imagined alfo, that from the greater abun- 
dance of pollen afforded by the male hop (2), 
the favourers of the fexual fyftem, might 
account for the fructification of female 
plants difcovered in places where there are 
no males, ' 
XXIV. The fecond phenomenon which 

I obferved the fame year, was the following. 
The inhabitants of the territory of Reggio 
and Modena, eradicate all the male indivi- 
duals from the hemp-yards, about the fecond 
or third of Auguft, and leave the females 
till the end of September. In a feafon fa- 
vourable to vegetation, the females continue 
to grow above a month, and to produce new 
branches. Upon thefe branches {pring flow- 
er-buds, which in time expand and bear 
feeds. Of fuch female individuals I faw, 

(2) Humulus Lupulus. Linn, | 

| for 
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for the firft time, great numbers growing on 
the 8th of September, 1767; that is, thirty- 
fix days after the male plants had been pulled, 
as | was aflured by a perfon of credit. I fixed 
my attention chiefly upon the late branches, 
on which as yet the firft rudiments of 
the clofed flowers fcarce began to appear: 
I moreover tied a thread loofely round them, 
that I might try whether the feeds, if any 
fhould be produced, would arrive at per- 
fection. This actually happened, as their 

. fhooting foon after I fowed dei in October 
irrefragably proved. This fecond phenome- 
non gave rife to ferious reflections, as I could 
not poflibly at firft comprehend how the 
ollen could have fecundated thefe female 
lowers, which made their appearance upon 
the branches fo long after the removal of the 
male plants. After a little confideration, I 
perceived that the advocates of the fexes 
might find fomewhat to adduce in their de- 
fence. Notwithftanding the want of male 
flowers, it might be faid, the pollen which 
had been fhed in fuch abundance, may float 
in the air furroynding the individuals of the 
other fex. 
XXV. Eight years afterwards, in 1775, 2 

Memoir appeared in Rozier’s Journal on the 
the fecundation of plants, the tenour of which 
perfectly agrees doi my obfervationson hemp. 
The fubftance of this memoir, as far as it 
relates to our prefent enquiry, is the follow- 
ing. ‘The author reared a female ftalk of 
hemp ina pot at Paris, which produced, at 
the ufual time, feeds of the common fize,. 
confifting of two well nourifhed lobes with 
plantule or germ. When the feeds were 

planted, 
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planted, they all without exception germi- 
nated, and grew up ina fhort time. The 
plant had not been covered by any thing; it 
ftood upon a window level with the ground, 
at a great diftance from other plants of the 
fame fpecies.. The maker of this experiment 
does not pretend, that it entirely excludes _ 
all fufpicion of the fecundating duit, but 
only that the accefs of it.is highly im- 
probable; he exhorts naturalifts to repeat 
and improve his experiment. ‘The author of 
the Memoir does not make himfelf known 
any otherwife, than by the initials MM. F. de 
B. which feveral have fufpected to defign the 
celebrated Mr. Fougeroux de Bondaroi, of 
the Academy of Sciences, nephew to the il- 
luftrious Duhamel. However this may be, 
it appeared to me when I read the account, 
that this delicate experiment had not been 
conduéted with fo much attention .and fuch 
precautions, as to produce conviction in the 
mind of the reader (2). 

XXVI. 

(a) Having communicated in a letter, written Sept. 
18, 1777, to my illuftrious friend Mr. Bonnet, fome re- 
fults relative to the fecundation of plants, I received a 
very polite reply, dated Nov. 29, the fame year. Among 
other things he mentioned this Memoir, fuppofing I had 
never feen it. It was his opinion, that the obferva- 
tion of the French Naturalift, whom he prefumes to be 

. Mr. Fougeroux, is not fufficiently decifive to exclude 
the fecundating powder. He was induced, by his refpect 
to truth, to make fome ftrictures on different paflages 
of this Memoir; which, as they are connected with my 

| obfervations on generation, it will be proper to tranfcribe. 
< Various inadvertencies and miftakes have been com- 
mitted by M. F. which might be overpafled in an author 
oi inferior reputation, I fhall point them cut from a 

fhort 
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XXVI. In relating my fubfequent experi~ 
ments on the generation of plants, I {hall 

give 

fhort account I gave to another correfpondent. ‘The pro- 
pofitions diftinguifhed by Italicks are the words of M. Fs 

« We are not fure, that the chicken exifts before impreg+ 
nation in the egg, and we muft confequently be ignorant, 
whether the plant exifis in the feed before fecundation. 

‘Thè learned naturalift ought, I think, to have ex- 
prefled himfelf very differently after the fine difcovery of 
Haller, of the pre-exiftence of the chicken, after your’s of 
the pre-exiftence of the tadpole, and Mr. Muller’s and, 
my obfervations on the pods of peafe. Palingen, T. 1. 
p- 416. In my eflay on the fecundation of plants, printed 
in Rozier’s Journal, for O&. 1774, I had brought to the 
reader’s recollection thefe feveral difcoveries on vegetables 
and animals, as ftrongly tending to eftablifh the great 
probability of the pre-exiftence of the germ; and M. 
F.°s Memoir evidently refers to mine. ; 

« But is fecundation, by means of pollen, neceffary in all 
plants? Have none their parts of generation concealed, like 
the lice of plants (pucerons) 2 Ss". wey 

« The parts of generation in the lice of plants are not 
concealed. On the contrary they are quite obvious. 1 
dwell pretty largely on the amours of thefe infects in my 
Infectology publifhed in 1745. I there defcribe at length 
their genital organs. | 

« Laying afide all fyftematical ideas, I abide by faés and 
obfervations, and follow a celebrated guide, M. Duhamel; 
who, before me, has multiplied facts and obfervations, with- 
out venturing to decide. 

« It is doubtlefs commendable to abide in phyfics by: 
facts and obfervations. But found logic more than barely 
allows us to deduce the moft immediate and direct confe- 
quences, as I have endeavoured to do in my works, and 
in the effay which Mr. F. feems to have held in view. 
He exprefles his intention to take Mr. Duhamel for his 
guide. But the fine difcoveries of Haller, Spallanzani, 
&c. were unknown to Mr. Duhamel when he compofed 
his excellent Natural Hiftory of Trees, which was pub- 
lifhed in 1758. Mr. F. who. publifhed his Memoir in 

1775x 
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give an account of the means employed to 
prevent the accefs of the pollen. Six finali 

alks 

1775, was naturally called upon to weigh the confequen= 
ces refulting from thefe difcoveries, and to avail himfelf 

‘ of the analogical deductions drawn by me refpecting ve- 
getables. “This, however, he has not done, and I can- 
not but be furprized at it. 

“ Thofe who fuppofe the plant to exif? in the feed before 
fecundation, confider the pollen as confifting of a number of 
focaths and cafes, of which each contains a number of. feeds 
ficating in a thin liquor. we 

“¢ Some naturalifts, as Needham, have confidered the 
powder of the ftamina in this light, but they do not allow 

\ the plants exijfence in the feed before fecundation. Mr. Need- — 
ham, who fo well explained the compofition of the pol- 
len, believed the germ to be in the pollen itfelf. Mr. F. 
has therefore exprefled himfelf very incorre@ly; but 
when he' immediately afterwards fubjoins, the plant, ac~ 
cording to this opinion, exifis before fecundation in the powder 
of the flamina, he falls into the moft glaring contradidtion. 
That the plant exifis in. the feeds before fecundation, is an 
hypothefis which excludes the opinion, that the plant exiffs 
before fecundation in the powder of the fiamina, 

“ But here only human intellect is bewildered. How can 
we, ufing our reafon, imagine the germs of all plants to be 
inclofed in fuch a germ. What an abyfs! Let us quit this 
clue as likely to miflead us. , 
_  What.meaning has the word only in this place: It is 
precifely by the ufe of our reafon which does not ima- 
ine but conceive, that we perfuade ourfelves of the pro- 
lr of that hypothefis, according to which germs are | 

‘ inclofed one within another. If M. F. had read my Me- 
moir more attentively, and meditated longer on the fub- 
je&, his, mode of expreffion would have been more phi- 
lofophical. Does it then belong to the imagination to 
decide concerning matters lying exclufively within the 
province of reafon? Can the imagination reprefent to itfelf 
an animalcule many million of times fmaller than a mite ? 
Can it reprefent to itfelf a globule of light, feveral thou- 
fands of which fall at once on the eye of fuch an animal È 

No; 



288 DISSERTATION Mt. 

ftalks of hemp were tranfplanted from an 
hemp-yard into fix pots. As foon as they 

had 

No; never will reafoning or calculation overturn the 
hypothefis of znvolution. Great and {mall are merely re- 
lative terms; and we are acquainted with furprizing facts © 
that lead us to this hypothefis. 

“ According to Haller, irritability is the principle which con- 
Sfiitutes animality and produces life. The powder of the fia- 
mina exciting the irritability, and occafioning the fluids to be 
impelled in the organized body, produces in the vegetable the 
ame effecis as the fpermatic liquor in the animal germ. 

« Haller did not admit irritability in vegetables. He 
could not therefore attribute to the powder of the fta- 
mina that /2imulating property which he acknowledges in 
the fpermatic liquor of the animal: and yet, from M. F.’s 
expreffion, it would be fuppofed that he does. But it was 
I, who, in my eflay on the fecundation of plants, fought to 
apply irritability to the fecundation of vegetables—not, 
however, till 1 had declared my ignorance of any fact 
which rigoroufly proves the exiftence of irritability in the 
vegetable kingdom. Upon this occafion, I threw out 
_fome logical reflections, calculated to caufe the fufpenfion 
of the reader’s judgment. Let me be allowed to obferve, 
that no author in natural hiftory has been more careful 
to diftinguifh conjeCtures from facts: but I do not believe 
that conjectures are unwarrantable. I have therefore 
confined myfelf to fhew how we may conceive the influ- 
ence of irritability in vegetables, fuppofing them to poflefs 
this property. M. F. read me too rapidly, and without 
reflecting fufficiently upon my mode of arguing. More- 
over, the irritability of plants which I did but conjecture 
to exift, feems to have been well obferved by the celebrated 
Gmelin in fome fpecies; but I was unacquainted with 
his obfervations in September 1774, when 1 was com- 
pofing my eflay. That author, in his Differtation on 
Irritability, fhews, that the anthere, or fummits of the 
ftamina, appeared to him irritable, or at leaft endowed with 
a property nearly approaching to the property of animals called 
irritability. He adduces many inftances exceedingly re- — 
markable, and, among others, that of the orchis. The 

anthere 
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had attained a certain height, and the male 
plants could be diftinguifhed from the 
females, the former, which were four in 
number, were eradicated, and the two females 
only were preferved. About twenty days 
before they began to flower they were carried 
into a room looking towards the fouth, where 
they ftood forty-two days. ‘There were two 
windows in the room, which were always 
kept fhut, as alfo was the door, except when 

antbere of this plant, he obferves, recently gathered, and 
irritated in a warm place; appeared to contrat, and then to 
relax, and to undergo a kind of tremulation. He adds, that 
he has frequently made the experiment, and that it a/ways 
ucceeded. i si 

« According to Mr. Bonnet, the feminal fluid, in producing 
impregnation, effeéts only the evolution of what was already 
formed. 

« ‘This certainly is my opinion: but to fay fo much is 
faying nothing ; for fuch vague expreffions do not ferve to 
‘diftinguifh my notions from thofe of other naturalifts who 
reject the doétrine of Epigenefis. I have reafon to pre- 
fume, that the worthy M. F. has not fludied with any 
care the nature and the connection of my principles on 
generation. He was doubtlefs too much prejudiced with 
the idea of generation being a myftery not yet penetrated . 
by the ableft naturalifts. God forbid that I fhould have 
the prefumption to think that I have drawn afide the cur- 
tain that covers the myftery: [have only attempted to 
lift up a corner of this curtain. | 

“< When we read the opinions of moft naturalifis, do we not 
incline to believe, that each; out of affection to his own ideas, 
fitters bimfelf that he has divined the fecret of Nature? 

<< I mutt confefs that there are phyfiologifts and natural 
hiftorians who deferve this reproach; but there afe others 
who do not deferve it; and M. F. ought to have excepted. 
them. You have read me, and, what is more, have 
ftudied me. You, therefore, know whether I have ever 
propofed my notions as a man, who flattered himfelf that he 
bad divined the fecret of Nature.” | 

Vor, II. i U I went 
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I went in to water the plants. ‘They thrived, 
notwithftanding their confinement, on ac- 
count of the rays of the fun fhining through 
the windows upon them feveral hours a day. 
Although this precaution feemed preferable 
to that of the French anonymous writer, 
who had placed his female plant upon a 
window, it did not fatisfy me. The pollen 
indeed fuppofed to be diffeminated through 
the air at the flowering of the hemp-yards, 
could not very readily find its. way into an 
apartment kept fo clofely fhut, yet it cannot 
be aflerted that its ingrefs was totally pre- 
vented; and yet it was of the utmoft import- 
ance to hinder it, at leaft, from coming in 
contact with the flowers. To attain this end 
effectually, when I brought the pots into the 
room I immediately introduced two branches 
of my two plants, upon which fome buds 
were growing, into two glafs bottles, with 
long necks and large bodies. The necks 
were .perfe&ly clofed with maftic, without 
injuring the branches. By being perfectly 
clofed I mean, that all communication be-. 
tween the external air and the infide of the 
bottles was cut off, as was evident from the 
following decifive proof. Along with the 
branch of hemp, I inferted, for about 
five inches, an open tube of glafs, which 
was imbedded in the maftic; the other end 
prolenes four feet from the neck of each 
ottle, and was immerfed in a bafon of water 

to the depth of feveral inches; but I had firft 
taken care to fuck a portion of air out of the 
bottles. The water afcended to the height 
of a foot and three quarters into the tube, at 
which it conftantly ftood, being only fubject 
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to fuch variations as are obferved in baro- 
meters, for the tube was now actually 
changed into one of thofe inftruments. The 
permanent elevation of the water in the 
tube was a certain fign, that no external air 
found its way info the bottles: had a ftream 
of air made its way through the maftic, or 
any part of the bottle, it is obvious, that the 
water in the tube muft have defcended to the 
level of the bafon. Imuftown, indeed, that 

_I was obliged to renew the experiment fe- 
veral times before I fucceeded. With this 
apparatus I was certain that the external air, 

and confequently that the pollen, which may 
be fu to be difperfed through it at 
the approaching flowering of the hemp- 
yards, could find no accefs to the confined 
Peancitess boot, 

«XXVII. But all thefe precautions feemed 
infufficient to render the experiment quite 
unexceptionable. It was neceflary, not only 

. to remove all fufpicion of external pollen 
getting into the bottles, but likewife to 
watch whether any of this powder was pro- 
duced within. ‘The botanical reader imme- 
diately comprehends the reafon of my appre- 
henfion. It has been obferved by Linnzus, 
Haller, Duhamel, and others, that male flow- 

ers are not very infrequently found upon fe- 
male individuals: a root of fpinach, of which 
I fhall {peak below, furnifhed me with a re- 

~markable inftance; and the fpecies in quef- 
tion is fubje& to the fame accident, as I was 
informed by Mr. Bonnet, in a letter dated 
Auguft 15, 1778. The letter gave me no- 
tice of an experiment which he undertook 
upon hemp, after I vr communicated mine. 

2 to 
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to him. The paragraph to which I allude 
is the following: ‘ I began this year fome 
experiments upon hemp. I have followed 
the method which I employed for rearing 
the lice of plants in folitude. My plants 
were Sbudtad with large tubes of glafs, her- 
metically fealed at the top, and with the 
bottom funk in the earth. But fortune did 
favour me—inftead of a female I had a male 
plant in one inftance, and in another a plant 
of great expectation, after putting forth 
many flowers with piftils, produced fome 
with ftamina, clofe to the former, which 
totally difconcerted the experiment.” It 
therefore became me to watch diligently, 
whether any male flower was produced among 
the females; I therefore carefully examined 
twice a day, both with my naked eye and a 
glafs, the confined branches, which were as 
open to in{pection, as if they had been grow-. 
ing in the open air. In the mean time, I 
did not negle& the other parts of my two 
plants. That the examination might be 
more certain, I ftripped off all the branches 
except thofe which were inferted into the: 
glafles, and took care to infpe& the ftems as. 
clofely as the branches. But I can affure . 
the reader, with the utmoft confidence, that 
the flowers which fucceffively made their ap-. . 
pearance, both on the bare ftems and. 
branches, were all female without a fingle 
exception. For the fake of perfpicuity, I 
will firft defcribe the trunks, and then the 
branches. The former began to put forth . 
their flowers towards the end of Auguft, at 
which time the hemp-yards were alfo in 
bloom.  Notwithftanding their conftant © 

ay con- 
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confinement, they produced feeds; and ripen- 
ed them by the end of September. When I. 
compared thefe feeds with fome which I 
gathered in the hemp-yards, I found that. 
they were fmaller. Befides the number of 
feeds produced by the ftems in the hemp- 
yards, were in like circumftances confidera~ 
bly more numerous, than by the two {talks 
confined in my apartment. But notwith- 
ftanding thefe differences, the feeds gtew 
nearly as well in the apartment as thofe which: 
grew in the open air, as I found by fowing fe- 
veral hundreds of both forts. Such are the 
refults afforded by the two ftems. 
XXVIII. I am now to relate what hap- 

pened to the two branches. The flowers, 
which nearly kept pace with thofe of the 
trunks, were fucceeded by feeds; towards 
the 20th of September they had acquired 
fuch a fize, as inclined me’ to think them 
ripe; I therefore refolved to take the branches 
out of the bottles, and I found in fact, that 

. more than an hundred were arrived at matu= 
rity; this was doubtlefs in fome meafure | 
owing to their having received no molefta- 
tion from the perfpirable matter; which was 
collected in large quantities in the belly of: 
the bottles. By difleCting fome of the ripe 
feeds, and others that were more or lefs dif- 
tant from this ftate, I was enabled to make 

the following. obfervations: When the 
| parts furrounding the leaft forward are re- 
moved, a greenifh pyriform body prefents 
itfelf with two points like fmall antenne, - 
which are the rudiments of the piftils. In. 
the pyriform body is contained a folid nu- 
cleus, femi-gelatinous, and -confifting of an: 

de lads U ) homo- 
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homogeneous fubftance. The nucleus in 
feeds further advanced, exhibits an excava- 
tion in the center, full of a liquid which, 
in feeds yet nearer maturity, 1s thicker; and 
in this infpiffated matter may be feen a white 
point, which is eafily known to be the lobes 
and plantule. If feeds itill more advanced 
be analyfed, in opening of the lobes, which 
are bent into the fhape of an arch, a cavity 
or depreflion is obferved, and in it are lodged 
two whitifh dentated leaves, which are in- 
ferted in the plantule, or rather arife from it. 
Thefe leaflets. are larger in ripe feeds. Such 
were the appearances of the product of the 
branches; and feeds gathered in the hemp- 
yards furnifhed me with the fame obferva- 
tions. Hence I was obliged to infer; that 
Nature, in the production, or to fpeak more 
properly, in the evolution of the feeds, had 
oe ee alike in the clofed bottles, and in 
the open fields. eo 
«I faid before, that the feeds of the two con- 
fined {tems were {maller and in lefs number, 
than of thofe in the hemp-yards. I may 
now add, that the {mall fize of the feeds. 
that grew in the bottles was {till more re- 
markable, and that equal branches ufually 
produce twice the number. But I thall be 
afked, did feeds fo much fmaller and lefs 
numerous grow when they were fown. To 
this curious and important pòint'all my en- 

| quiries tended. Of a ‘hundred and fixteen 
feeds, which weré all that feemed to be ripe, _ 
one half, viz. fifty-eight, were fet in a pot, 
and they all, except five, carne up. ; 
XXIX. The refult of another experiment 

gorrefpofided perfectly with the foregoing: 
E POM, 11° a ; Though 



DIlSs DbRTITATI ONS_UN 295. 

Though a large quantity of pollen arifes from 
the hemp-yards into the atmofphere, at the 
feafon of flowering, and is traniported to no 
inconfiderable diftance, it is reafonable to 
fuppofe, that in the courfe of feveral months 
it muft be loft; for the rain and fnow cannot 
fail to carry it down to the ground, and free 
the air from it: fhould any continue to float 
in the atmofphere, it. will probably in time 
lofe its prolific virtue. ‘This fuppolition, 
which feems well founded, as will be more 
particularly fhewn in the fucceeding chapter, 
induced me to make fome female plants of 
hemp blow before the hemp-yards were in 
flower. With this view, I fet at Pavia 
twelve hemp-feeds in twelve pots, before 
the middle of November; the feeds were 
fome that remained of the product of the 
confined branches (XXVIII). Although 
the feafon was unfavourable to vegetation, 
eleven out of the twelve germinated, and 
continued to-grow, though but flowly, the 
whole winter, the pots having been removed 
into a warm room. When {pring arrived, 
the windows were thrown open, and left fo 

till I had occafion for the plants. Mean-. 
while they continued to advance, and about 
the 20th of May, the male and female indivi- 
duals could be diftinguifhed.. The former 
were deftroyed. The remaining females, 
four in number, were expofed to the air and 
fun on the outfide of a window. That I 
might examine with greater eafe and cer- 
tainty, whether any male bloffoms were pro- 
duced upon thefe female plants, I cut away all 
the branches, and preferved only the ftalks, 
as in the experiment related in the XXVIIth 

U 4 paragraph. 
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paragraph. But fortunately no flowers of 
this fort ever appeared. ‘Towards the end of > | 
May, flowers with piftils began to appear, 
fix weeks before the flowering of the hemp- 
yards beyond the Po (for there is no hemp 
raifed in the neighbourhood of Pavia) and 
confequently before the diffemination of the 
frefh pollen. About the 8th of June moft 
of the feeds were ripe. They were quite as 
thick and large as upon the ftems reared in 
the fields; I fowed feveral hundreds, and 
moft of them germinated. One immediate 
confequence may be deduced from thefe va- 

| riationsS' ‘of my. experiment. The perfect 
fructification of hemp is entirely independent 
of the action of ‘the fecundating duft. 

È XXX. But enough of the experiments on 
hemp. I proceed to fpeak, but much more 
briefly, de fpinach (Spinacia Oleracea). I 
made feveral different trials with this plantin 
the.coùrfe:of:.fome yearsi ‘ohio 

- In the firft place, I tranfplanted in May 
feveral roots into my garden at Pavia. As 
foon as the different individuals could be dif- 
tinguifhed, I deftroyed the males. The fe- 
males, although they remained alone in thé 
garden, produced plenty of feeds, which, 
when fown, germinated in great abundance: 
At the time of flowering, I watched with 
great care, whether any boffoms with fta- 
mina opened:° my illuftrious colleague 
and friend Counfellor Scopoli, alfo vifited 

| my fpinaches; but neither could that expert 
botanift or myfelf' perceive any; >  * 

I next covered a plant of {pinach with the 
receiver: of an‘air-pump; thre lower end was 
preficd to fome depth into the earth of the 
j Ls ee ty ed i Pod a Lal to da ¥ 5 Ik È de 2 oS LA pot. 
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pot. Thus the communication between the 
‘external and the internal air was cut off, un- 
lefs the former may be fuppofed to have 
found its way into the receiver, through 
pores in the mould. I made ufe of this ap- 
paratus a few days before the opening of ché 
flowers; but was obliged, in thirteen days, 
to remove the receiver, for the leaves began 
to wither, probably on account of their con- 
finement. Several flowers with piftils had 
in the mean time fet, and the appearance of 
the feeds promifed that they would do well; 
nor was È deceived in my expectation, for 
they ripened perfectly, and when fown, came 
upin great abundance. | | 
“XXXI. In the Modanefe and in the Mar- 
di of Scandiano, the fpinach raifed by 
the people of the country, is ufually in flower 
from the 20th of May to the middle of June, 
fo that the feeds are commonly gathered at 
the beginning of July. I took advantage of 
this practice to procure piftilliferous flowers, 
a long time after the bloffoms with ftamina 
had decayed. For this purpofe, I fowed fome 
fpinach towards the end of May; the female 
“plants produced flowers with piftils in Sep- 
tember, and many of the feeds came to ma- 
turity; but many others were checked by 
the beginning coldnefs of the feafon: but 
thofe which grew ripe were fown, and they 
germinated. Notwithftanding, therefore, 
near fix weeks had elapfed fince the falling 
of the ftaminiferous flowers in the fields and 
gardens, my feeds were productive. It is 
difficult to imagine, that the pollen could 
have been the caufe of this fecundity; and 
the rather, fince in fpinach it is far from 

ce Soe ate RAR aa ee Lae being 
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being in fuch abundance, as to be capable of 
diffemination, like that of hemp, far and 
wide through the air. My fpinaches were, 
inoreover, conitantly kept in an apartment. 
XXXII. I neverthelefs undertook another 

trial, which I believed would. be decifive. 
1 had feveral young fpinaches tranfplanted 
into pots in Auguft at Pavia, one into each 
pot. Great attention being paid to them, 
they grew before winter to a confiderable 
height. And being kept ina warm room, 
they made fome further progrefs during the 
courfe of this feafon ; and before the end of 
March, the female plants, which were three 
in number, began to put forth flower-buds 
with piftils. But here an accident, which 
is not very uncommon, and to which I have 
already adverted (XXVII), occurred. In 
one of my daily vifits to my three plants, I 
perceived upon one individual an unexpected 
conjunction of male and female flowers, 
growing Clofe together, and forming very 
elegant groups. | 
. The blofloms with piftils were very con- 
fpicuous, but thofe with ftamina. were fo 
little advanced, that they could not be dif- 
tinguifhed by the naked eye. Both forts ap- 
peared to be. equally numerous, but ‘the 
union extended only to two branches—all the 
reit bore female bloffoms only. I. may 
here incidentally remark, that the, great: a- 
bundance of the male flowers, in the prefent 
cafè, is a very fingular phenomenon.. I have 
read in botanical writers, that a few male 
flowers are fometimes found in company with 
females, but never that they amount to an 
equal number, a circumftance that \excited 

my 
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my admiration with refpect to this indivi- 
dual; for I counted two hundred and feventy- 
five male buds. This unforefeen accident 
determined me to extirpate the plant. Icon- 
fider it as very fortunate, that I obferved it 
in time, while the male bloffoms were yet 
in a very immature ftate, and‘ confequently 
before the pollen could yet have produced 
any effe&. Having thus freed myfelf from 
the trouble of watching this extraordinary 
individual, I continued to obferve the two 
others; they produced only blofloms with 
piftils. April was the feafon of the maturity 
of thefe blofioms, which is generally efti- 
mated by their aptitude to be fecundated : it 
was earlier by thirty-five days, than the ufual 

. flowering of this plant in the environs of 
Pavia. Before the end of May, the feeds of 
my two plants were almoft all ripe. Every 
branch and every twig was loaded, and they 
were of equal fize with the feeds produced 
in the neighbouring gardens the preceding 
year. ‘To complete the experiment, it re- 
mained to try whether they would germinate. 
Of a hundred and fifty, chofen among the 
whole produ& as the fineft, a hundred and 
thirty-two came up; and of a hundred, 
which I afterwards fowed, ninety-three grew. 
Thefe proofs obliged me to conclude, that 

the feeds, notwithftanding the privation of 
the pollen, were produ@ive. | | 
XXXIII. The next.and laft plant pro- 
ducing male and female individuals, which 
I mentioned, is annual mercury (mercuri- 
als annua). Five very {mall plants were re- 
moved from a garden, on the 22d of Augutt, 
into five pots. ‘They were managed 1a) the 

| ee ame 
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fame manner as the fpinach during the 
winter (XXXII), and were all fo far ad- 
vanced at the beginning of fpring, that 
there was no difficulty in diftinguifhing the 
males from the females; of the latter there 
were three, and thefe alone were preferved. 
By the 24th of March bloffoms with piftils 
appeared upon feveral branches, growing out 
of the axille of the leaves, and in a few days’ 
more the number was exceedingly increafed. 
They were borne upon fhort flower-ftalks, 
and, as ufual, confifted of two fmall feeds 
refembling tefticles. They were of a green 
colour and hairy. But here the event was 
juft contrary to what happened in hemp and 
‘fpinach. The greater part of the blofioms 
dropped prematurely; of the few that re-. 
mained rie feeds grew for fome time, but 
fell before they were ripe, and when fown, 
they did not fpring. As this took place 
before the male plants in the gardens and the 
fields about Pavia were in flower, I began 
to fuppofe mercury to be one of thofe nume- 
rous vegetables, which cannot propagate the | 
fpecies without the powder of the Ramin. 
Meanwhile my three plants continued to put 
forth new branches, and the old ones, in- 
ftead of withering, vegetated with great vi- 
gour; but ftill the feeds dropped premature- 
ly. This gradual evolution and production 
of frefh branches, was of. fuch long con- 
tinuance, that they fhewed no tendency to 
decay, but were, producing blofloms with 
piftils when the mercury in the fields was 
in flower. I therefore began to entertain 
hopes, that the feeds now put forth, and 
thofe which fhould follow, would fucceed Hee acters VIENI] Sad 

+ 
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better than the earlier feeds, more efpecially 
as the pots were expofed to the open air upon 
a window, and looked into a garden, in 
which grew feveral male individuals of this 
fpecies. But my expectations were difap- 
pointed: as long as the three plants con- 
tinued to thrive, the feeds dropped almoft as 
foon as they appeared; nor did one of thofe 
that were fown ever come up. I repeated 
the experiment two fucceeding years with 
the fame event. 

| XXXIV. It therefore became neceflary to 
vary the mode of conducting it. Being more 
confirmed in my fufpicion, that the fterility 
arofe from want of pollen, which, though 
it was at no great diftance, did not reach my 
plarits, I determined to bring it nearer; with- 
out, however, fetting individuals of the dif- 
ferent fexes in the fame place. Iwo male 
plants of mercury, reared the next year in 
two pots, were placed on the oui:fide of a 
window, and two females growing: likewife 
in pots, were fet on the outfide of another 
window. Both windows belonged to one 
room, and had the fame afpect. ‘The four 
roots of mercury were nearly of the fame age, 
and of the fame fize. And I waited with great 
anxiety to fee whether the females, on ac- 
count of their vicinity, would be impreg- 
nated by the males. The feeds were con- 
ftantly falling, but not in fuch abundance as 
in the former experiment, when the inales 
were at a much greater diftance (XX:X III). 
Thofe which adhered went on thrivirig,, and 
feemed as if they would ripen; and they did 
accordingly arrive at maturity, and, whiat.is 
of more confequence, were productive reed 

| oon 
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foon after I had fown them in a pot, I had the’ 
pleafure of feeing them fpring. It there-. 
fore appeared probable, that the vicinity 
of the males to the females had been inftru- 
mental in occafioning fecundation: their in- 
fluence could fcarce be derived from any 
fource, befides the action of the contiguous 
ollen. 
XXXV. This experiment obvioufly re- 

quired another: it was proper to bring the 
different individuals nearer to each other; I 
accordingly placed two males and two fe- 
males upon the fame window. It now be- 
came manifeft, how much influence the ap- 
proximation of the two fexes has upon te- 
cundation. ‘The two females retained almoft 
all the feeds which were produced at this 
time, exceeding an hundred. The feeds 
grew perfectly ripe, and when put into the 
ground, were unfolded into as many plants. 
XXXVI. The females having  feveral 

branches in vigour, and ftill continuing to 
vegetate, an experiment, the reverfe of the 
two preceding, fuggefted itfelf to me. I 
removed the pots in which the male plants 
grew into another chamber. ‘This feparation 
ferved further to corroborate the neceffity of 
the pollen in mercury ; for in confequence of 
its entire removal, all the feeds afterwards 
produced, by the growing branches fell be- 
fore their time, and were unprodu@ive. 

Moreover, it is by no means furprizing 
that females, at a diftance from males, fhould 
be fterile. ‘The pollen is in too {mall a quan- 
tity to be widely diffeminated. The incon- 
fiderable quantity which was afforded by fe- 

veral 
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veral male plants, at a time when the an- 
there, viewed. by the microfcope, appeared 
full, gave me ample proof of its fcarcity. 

I fhall make upon mercury another ob- 
fervation, very neceflary to be known. I 
have informed the reader, that mo of the 
unimpregnated feeds wither and drop, while . 
a few grow to fome fize, but are not pro- 
du&ive (XXXIII). The fcope of my re- 
fearches required that I fhould examine, 
whether thefe feeds confift of lobes and a 
plantule. By analyfing them repeatedly, I 
found that the feeds, which fall foon after 
the flowering, are full of an homogeneous 
and gelatinous fubftance, and afford no vef- 
tige of plantule or lobes. But impregnated 
feeds, examined at the fame period, that is 
to fay, a little after the feafon of flowering, 
exhibited the fame appearances. Many days 
elapfed before the lobes and the plantule 
could be difcerned, an obfervation that is 
not confined to mercury, but extends to 
every plant hitherto examined by me. In 
thofe feeds which ‘made a tolerable progrefs 
in their growth before they fell, appearances. 
were very different. They firft became full 
of an almoft fluid whitifh matter, which — 
was gradually infpiffated; and in the midft 
of this matter, after fome time, might be 
feen a little body, fo foft as to adhere to the 
finger when it was touched; but it after- 
wards made fome refiftance to the touch, and 
now evidently appeared to be the lobes: and 
plantule; which parts grew more confpicu- 
ous and diftinct as the feeds advanced. ‘The 
plantule had the fhape of a cone, dilated ‘a 

wards 
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wards the bafe into two flat circular bodiés, 
which were the lobes. The fame was alfo 
the figure of the lobes and plantule con= 
tained in productive feeds. 

CH) ASPRE 

RECAPITULATION OF THE PRINCIPAL 
CONSEQUENCES OF THE FACTS RE- 
LATED IN THE FOUR PRECEDING CHAP-= 
TERS. | 

RE F:LoBiC4TeER 0 os: 

XXXVII. LL thefe facts convey, in my. 
opinion, inftruction fufficient 

to ferve as a foundation for fpeculating on the 
mode obferved by Nature in the generation 
of plants. If we infpe& the ovaria before 
fecundation, we find the feeds externally 
folid: they continue in this ftate for fome 
time after fecundation. They afterwards 
became hollow within; in the cavity ap- 
pears a {mall body, not diftinguifhable at 
firft, but afterwards known to be the embryo: 
or the plantule with the lobes. ‘The embryo 
fometimes feems detached from the feeds, 
and floating in a liquid, and fometimes is at- 
tached to them by one or more connecting 
threads (II, HI, IV, V, VI, VII, VIII, IX, 
X, XI, XII, XII. XXXVI). 

As 
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As thefe facts feemed favourable to the 
opinion of thofe, who fuppofe the embryos of 
plants. to pre-exift in the powder of the an= 
there, and thence to pafs into the feeds, which. 
therefore do not contain an embryo before 
fecundation; I was led to turn my refearches 
towards the powder. . I examined it with the 
microfcope, but could not by any means find. 
that the embryos; or any beings analogous 
to them; are lodged in it (XV). Hence I 
proceeded to the expedient of interrogating 
Nature in another manner: I endeavoured to 
prevent the accefs of the impregnating duft 
to. the ovaria, fuppofing that fuch means. 
would furnifh the clue to this abftrufe myf- 
tery. Three defcriptions of plants were fub- 
mitted to experiment; hermaphrodites ; thofe 
which bear feparately upon the fame indivi- 
dual, male and female flowers ; and, laftly, 
thofe which produce both male and female 
individuals. The anthere of the firft were 
cutaway before the ripening of the pollen ; in 
the fecond the male flowers were extirpated, 
and the female individuals of the third were 
infulated. In the hermaphrodite plants it . 
appeared, that the privation of the pollen 
does not prevent the appedrance of the em- 
bryo in the feeds, though the feeds are in- 
capable of germinating; in fome plants the 
abfence of the pollen neither hinders the 
embryos from appearing, nor the feeds from 

- being productive; the fame obfervation is 
to be applied to feveral plants with female 

‘individuals; but in other plants of the fame 
clafs, the want of pollen renders the feeds 
fterile, though the embryo appears in them, 
Babi: X (XVIII, 
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(XVIII, XIX, KX XXI, RMI RXV, 
XVII cM EVES XI, XX JOOMLA 

XXXII, XXXI, XXXIV, RAXV 
XXXVI). OE 

The diret and immediate confequence of’ 
thefe refults is obvious: for if the embryo” 
appears without the co-operation of the: 
pollen, and if befides, in many eafes, the: 
feeds grow, it is clear that their exiftence can’ 
have no dependence on the pollen; and upon’ 
thofe occafions on which the feeds do not: 
grow for want of it, we can only fay, that. 
they ftand in need of the condition requifite 
for their further evolution, as the fetufes of 
animals do not thrive for ‘want of feed,’ 
although they pre-exift in the ovarium of 
the female. Another confequence not lefs: 
evident is, that as the embryos do not belong. 
to the pollen, they muft neceflarily appertain: 
to the ovarium. | NEE 

- Some naturalifts, of no vulgar reputation, 
have fuppofed, that the embryos of plants are 
formed by two principles, one contributed: 
by the powder of the ftamina, the other by. 
the piftils. But my obfervations, which 
prove that the embryo has no dependence: 
upon the pollen, clearly prove the falfehood. 
of this fuppofition. 

XXXVIII. But the embryo, which I have 
fhewn to belong exclafively to the ovarium, 
may be conceived to belong to it in two ways. 
it may be formed of matter furnifhed by the 
parent plant, or it may pre-exift. Now, ‘7 
which of thefe ways are we to admit? An 
Epigenefift, a Count Buffon, accuftomed to 
view Nature under an angle proportional. to- 
his favourite ideas, would not probably hefi- 

tate, 
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tate, if the fats obferved by me had. pafied 
under his infpeGion, to embrace the former 
opinion. The embryo, not being at firft vifi« 
ble in the cavity of the feeds, but appearing 
afterwards in the form of a gelatinous point, 
Without any determinate fhape, floating be- 
fides, in a liquid without any perceptible cons 
nection with the feeds, continuing to grow 
«and becoming organized in it—Thefe argus 
ments would no doubt be fufficient to lead 
that famous naturalift into the belief of the 
embryo’s formation in the feed; he would 
perhaps alfo believe, that it is formed of the 

_ diquor in which it floats. But if we lay afide 
all prejudice in favour of any fect, and apply 
the ftrict principles of logic, we fhall find 
thefe arguments inadequate. In the firit 
place, that a liquor, or any other inorganic 
fubftance, fhould nourifh and promote the 
growth of an organized body; is a propofition 
eafily conceived, and is indeed proved, by 
daily obfervations on ourfelves, on animals; 
and plants. But it is not fo eafy to conceive, 
‘that an inorganic and fhapelefs body, whether | 
liquid or folid, can be organized by me- 
chanical laws only: and with all his elo- 
quence, and by all imaginable efforts; the 
naturalift above-mentioned has never fhewn, 
that one animal, or one vegetable, even among 
thofe that appear the leaft perfect, and the 

. leaf organized, owes its origin to a mecha- 
nical appofition of parts. Secondly, though 
the embryo does not appear to be organized, 
this is by no means a fure proof that it is not. 
During the firft hours of incubation, the orga- 
nization of the chicken is not perceptible ; and 
yet we cannot doubt a it is orgazined, if 

2 it 
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it can be proved to exift before fecundation. 
Now Haller has given the proof of this with 
refpe& to the chicken; and I have given it 
with refpe& to newts, frogs, and toads. It 
is therefore beyond all doubt, that thefe am= 
phibious animals are organized before fecun- 
dation. But their organization is not then 
apparent; mere appearances would lead us 
to fuppofe them formlefs bodies; for we fee 
nothing but fpherules, confifting of a cover 
or fkin filled with a femifluid matter. ‘The 
fame feemingly inorganic {tructure continues 
for fome time after fecundation. The em- 
bryos of plants, then, may alfo be organized, 
although they do not appear to be fo; and I 
have certain proofs that this organization, 
though not at firft apparent, is actually pre- 
fent. When I opened, the feeds at the time 
the gelatinous point began to appear in the 
midit of the liquid, and examined it without 
ufing any method of preparation, I could dif- 
cover nothing that had the appearance of be- 
ing organized; I faw neither lobes nor plan- 
tule, nothing in thort but a mucilaginous 
particle. Butif I firft boiled the feeds, this 
point oftener than once put ona different 
afpe&. It was not only no longer gelatinous, 
but» when I turned it about, and preffed it 
gently with the point of a needle, it would 
fometimes fplit into two exceedingly minute 
pieces, in the middle of which was implanted 
a pointed atom: it was not very difficult to 
difeover that thefe parts were the lobes and 
plantule, as was {till more manifeft when a 
microfcope of great magnifying power- was ‘ 
employed. This point, therefore, proved to 
be organized at a time when it was not fuf- 

pected ; 
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pected ; nor is this the firt occafion, on which 
the action of fire has been ufed asa conve- 
nient method of afcertaining the organization 
of.a body which had no fuch appearance. It 

. is well known to the cultivators of Natural 
Hiftory, that the worms generated by thofe 

| winged infects, ufually called carrion flies, 
after having acquired, by feeding on putrefied 
flefh, a proper faze, are formed into an elon- 
gated bowl, in which the fly is gradually 
elaborated; or, to fpeak more properly, un- 
folded. If thefe bowls be opened a few days 

‘after they are formed, no lineaments of a fly 
prefent themfelves.to the fight; we find only 
a kind of pap, without any fign of organiza- 

|. tien. But the fcene changes, if the bowls 
be boiled at different periods; on the third 

. day:the legs are vifible, on the fourth the 
wings, foon afterwards the probofcis, and 
laftly the animal perfectly, formed. Thefe 
obfervations ‘were. firft made by Reaumur; 
and in years paft I have amufed myfelf with 
repeating them. ; 
. But the application of. heat. made me ac- | 
quainted with another truth. By boiling I 
difcovered the point, or the embryo, fome 
days before. it ufually appears. I have not 
feen it indeed in feeds, containing a liquor in 
which the embryo floats, but in fome of 
thofe in which the liquor coagulates and is 
infpiflated.. Several feeds were taken from 
the fame ovarium, and fome of them were 
boiled for a few inftants, and the ref left to 
themfelves. In the latter I could not difcern 
the embryo, but it was plainly to be diftin- 
‘guifhed in the former. ‘The difference arifes 
from the confolidation of the particle, or the 

da: DAR embryo, 
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embryo, by the boiling water; in the other: 
feeds it did not ftrike the fight, on account: 
of its tranfpareney and fluidity,» i idiota 
XXXIX, I come to the objection derived) 

from the infulation of the embryo in the 
feeds; from this circumftance it might be 
fuppofed:to have no dependence upon them; 
and confequently to originate from the liquor. 
in which it floats. ‘The embryo certainly, in 
fome cates, feemed:to fwim at liberty in the 
liquor, nor could I difcover any connection 
with the feeds, but on other-occafions I ma- 
nifeftly difcovered the connecting medium; 
as in the common bean, the radifh, and the 
Syrian fhrubby mallow ; it confifts of a mu-. 
cilaginous filament, of which one end in- 
finuates itfelf between the lobes, and is in- 
ferted into the plantule, and the other end 
pafles out of the lobes, and is attached to the 
infide of the feed (VI. VIII. XIX). This 
filament probably confifts of a number of 
veflels, defigned, like the umbilical cord in 
animals, to convey nutriment to the plantule 
and lobes, whether the nutriment be the 
liquor lying in the cavity of the feeds, filtered 
and rendered perfect in thefe veffels, or the 
fubftance itfelf of the feeds, at theexpence of 
which the lobes and plantule grow; for it 
conftantly happens, that as thefe parts are 
enlarged, the internal fubftance of the feed is 
deftroyed, and at length reduced to ‘a ‘mere 
fin, But befides the manifeft communica- 
tion formed by this flament between the em- 
bryo and the feeds, I have found; in more 
inftances than’ one, that it communicates at 
other parts; as is obvious in broom, ‘peafe;. 
kidney beans, chick-peafe. (IV) VII. saya! 
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et I have fometimes not been able to find any 
‘ligament pafling from the embryo to the feed, 
it isnot therefore to be concluded, that there 
sexifts none, but that it cannot be difcerned, 
either on account of its minutenefs or tranf- 
sparency. For as theembryos, in which the 
filament is vifible, are untolded within the 
“cavity of the feeds, in the fame invariable 
“manner as is obferved by Nature, in embryos 
:appearing without this connecting medium, 
ewe have juft reafon to infer, thatit exifts in 
athe latter as much as.in the former. That 
the minutenefs, and much more the tranfpa- 
-rency of thefe cords, may hinder them from 
“being feen; not to mention the proof afforded 
-by the embryos themfelves before they are 
-fabjected to the action of fire (XXXVIII), 
‘as confirmed, by a ftriking inftance, in the 
»tadpoles of the fetid toad, while they as yèt 
float in the liquor of the amnion: thefe tad- 
poles are provided with an umbilical cord, 

-,but which is not yvifible on account of its 
. tran{parency. : 

As it is evident, therefore, that we have 
‘no foundation for fuppofing the embryo to 
«be mechanically formed in the ovarium of 
‘the plant, and as it has been moreover proved, 

:that itidoes not depend upon the powder of 
-the male, it remains to be inferred, that it 
-pre-exifts in the ovarium. In favour of its 
', pre-exiftence we have another very powerful 
argument, in the communication eftected by 
the filaments between the embryo and the 
i feeds; for hence it is clear, that the feed and 
the embryo compofe but one organic whole, 
As then from all my obfervations it appears, 
that the.feeds pre-exift in the ovarium long 

Naeci È X 4 before 
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before the opening of the flowers, I fee no 
_reafon why we fhould not ‘affert the fame 
ching ofithecem bryoscid om itemtià 100.02 

XL. The celebrated Muller, a gentleman 
‘of Denmark, made at Geneva, feveral years 
ago, under the infpection of Mr. Bonnet, an 
obfervation; nearly approaching to thofe re- 
lated ‘in this Diflertation.: He found the 
feeds of peafe arranged in‘ rows within the 
pods before the opening of the flowers, and 
confequently before the action of the pollen 
‘had been exerted ; but he was not folicitous to 
pufh his obfervation any farther; by examin= 
ing the infide of the feeds, or by tracing the 
progrefs of evolution. ‘The philofopher: of. 
<Seneva could not but deduce important con- 
fequences from this fa&. He began to reflect 
upon the nature of the feeds, that they were 
bodies admirably organized, ‘bodies’ now in | 

— miniature what they were foon to be'at full 
length; that, like all the parts of ‘the egg 
taken together, all the parts of thefe bodies 
confpire to form an organic whole. He 
juftly concluded, that ‘in the feeds of peafe, 
fhewn tor him by the Danifh naturalift, the 
plantule exifted with its lobes, as\in the egg, 
however diminutive, ‘the’ embryo, with ‘its 
covers, lies: ‘concealed: Hence ‘he thought 
himfelf authorized to infer, that as’the feeds - 
of peate’ exift before ‘the: expanfion of the 
bloffoms, and, of courfe, before the'afperfion of 
the fecundating duit, fo: the lobes and plan- 
tule pre-exift.in like manner (a); the very 
fame confequence which I have above deduced 
from'my numerous obfervations (XXXIX); 

(a) Palingénéfie, T. I. page 420, 421. 

I may 
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- I may poffibly be afked by fome curious 
perfons, whether, after having abundantly 
roved, that the embryos of my plants exift 
i fecundation, or, to ufe an expreflion 
equally applicable to thofe which: require 
the fecundating duft, and: thofe which do 
not, before the opening of the bloffoms, 
I ever thought of having recourfe to fome 

- contrivance for rendering them vifible before 
this period. It is proper to inform fuch en- 
quirers, that the idea has not only occurred 
to me, but that I have put-it. in practice, 
though indeed without effect... I have taken 
the feeds out of the clofe and compact blof- 
foms, and diffected them: under a powerful 
magnifier, but have never been able to difco- 
ver any thing more than by a glafs of inferior 
power; that is to fay, an homogeneous ge- 
Jatinous matter. I doubt whether the em- 
bryo might not be withheld from my view, 
mofe by its tranfparency, for the jelly was 
tranfparent, than its fmallnefs.. I boiled 

 fome: feed for a little -while, and fteeped 
others in;fpirit of wine. The jelly was in- 
fpiffated. in both cafes, but the embryo was 
not. rendered confpicuous.. Coloured infu- 
fions have fometimes been employed by na- 
turalifts, with the utmoft advantage, to bring 
into view thofe organs of plants, which are 
otherwife invifible. By thefe means Mr. Bon- 
net has difcovered the {mall veffels which arife 
from the embryo, and pafs in'a ferpentine di- . 
rection through the fubftance of the lobes (a). . 
J put feveral. feeds into differently coloured 
infufions, and they acquired, both externally 
and internally, the colour of the infufion. 

(a) Recherches fur l’ufage dés feuilles, i 
rays | / But 
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But ‘the embryos ‘were not rendered’ in the 
fmalleft degree perceptible. Thus. unfuce 
cefsful did thefe various trials, as well upon 
clofed as expanded blofloms, prove, with 
refpe& to the embryos, nor were they more 
fortunate with’ refpecdt to the lobes. The 
fame thing happened after the falling of. the 
flowers, and the formation of the cavity fo 
soften defcribed. | The whole. advantage 
gained by my applications arofe from {pirit 
of wine, which infpiffated the liquor of the 
cavity and the embryo at the fame time, fo 
that it might. be difcerned five or fix days 
fooner, as I collected from the examination 
of other feeds of ‘the fame age left on the 
plant. This refult adds confirmation to the 
‘truth. above eftablithed, that the embryos 
are not generated, but a unfolded in the 
feeds (XXXVIII, XXXIX). (It moreover 
proves the extreme difficulty, I might fay, 
the impoflibility of obtaining a view of the 
plantule before the expanfion of the blof- 
foms: When fpirit of wine enabled me to 
difcern it, it was yet a moft diminutive atom, - 
notwithftanding fifteen days had elapfed fince 
‘the opening of the bloflom in-which it grew. 

. Now the plantule had, doubtlefs, in this in- 
‘terval, patied through feveral fucceflive ftages 
‘of growth. And how prodigioufly rapid is 
the-growth during this firft period! How 
‘nconceivably {mall, therefore, muft the 
plantule be before the opening of the 
flowers! Is it not then unreafonable,to hope, 
«that we fhall be able to difcern an object fo 
‘exceffively diminutive? | 4 
XLI: The alluftrious Haller was the 
firft who fhewed, that. in birds the Fas 
4 exits 

4 
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exifts before fecundation. I have extended 
this difcovery to different fpecies of amphi: 
‘bious animals. ‘Thefe faéts led me to bes 
lieye it probable, that the fame pre-exiftence 
takes place in all animals. What has been 
difcovered in various individuals of the ani- 
mal kingdom, has been alfo obferved in feveral 
forts of plants, J] havetherefore an equal right 
‘to draw the fame conclufion with refpect to 
all plants. But if I may exprefs my deliberate 
pinion on this important topic, I dare not 
afirm that the embryos, in all cafes, exift be- 
fore the opening of the bloffoms. Such a deci- 
‘fion would be precipitate ; we may learn from 
‘a thoufand examples the variety of Nature, 
even in thofe operations which are defigned 
to accomplifh the fameend.  Itherefore only 
‘obferve, that till the contrary fhall be proved, 
we have juft reafon to continue in believing 
re-exiftence to be univerfal. Hence we 
ave a new and ftriking point of analogy be- 

tween plants and animals, to be added to the 
‘many others long known; and hence the 
‘fafpicion, that thefe two tribes of organized 
‘beings compofe, perhaps, only one immenfe 
. family, receives ftrong confirmation. |, 

XLII. Bafil and mercury are two plants, 
‘which unite with many others, to fhew the 
‘neceffity of pollen to fecundation, ‘The latter 
‘of ‘thefe is particularly deferving of the re- 
‘flections of the philofopher. Female plants 
sof mercury, at no great diftance from the 
males, remain fterile, becaufe the fecundating 
‘atmofphere, if I may fo fpeak, of the latter, 
is not far difleminated, on account of the 
‘fmall quantity of eve produced by them 
(XXXIII, XXXVI), If themales be brought 

“pear 
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near the females, they bear fome. productive 
feeds (XXXIV); but if the males be placed 
almoft in contact with the females, the 
‘greateft. part of the feeds will adhere. and 
ripen and germinate (XXXV). Should the ‘ 
males be again removed, the females return 
to their former barrennefs (XXXVI)... This 
experiment is exactly conformable to one re- 
dated by Duhamel and Bernard Juffieu. ‘Thofe 
‘botanifts having obferved, that a female tur- 
pentine-tree, growing in a. garden at Paris, 
remained conftantly barren for want of a male, 
notwithftanding it flowered every year, de- 
termined to bring one near it. The: very 
year they put their defign in execution, the 
female bore a plentiful crop of fruit and pro- 
‘du@tive feeds. But the following year the 
male, which grew ina pot, being carried to 
‘its former ftation (2), the female relapfed 
into its accuftomed fterility (4). 

{a) Duhamel Phyfique des Arb. T. L ee 
(5) There is growing in the Bifhop of Londen?s garden, 

at Fulham, a male tree of this fpecies, and in the botanic 
‘garden at Chelfea, a female. ‘Some years fince an attempt 
was made to fecundate the female, ‘from which the feeds 
always drop prematurely, by carrying fome branches cut 
from the male, and fixing them upon the female. But 
the experiment, from whatever caufe, proved unfuccefs - 
ful: whether the antherz had already fhed their powder, 
or whether it was fhaken off in carrying. Plants of the 
turpentine-tree are fcarce and valuable; it would there- 
fore be an object, not only of curiofity, but of ufe, to fuc- 
ceed in the fecundation of the female ; and furely the end 
may be attained, by a little patience and dexterity. Let 
fome pollen, for inftance, be gathered, and. carefully - 
fprinkled upon the female bloffoms, according to the me- 
thod fuccefsful:y employed by Mr. Gleditfch, in impreg- 

nating the palm. I. cz : 

XLIII, 
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 XLIIL The fuccefsful experiment of Mr: 
Gleditfch upon the palm,’ denominated! C4a+ 
mairops, by ‘Linn&us, “and by Boerhaave 
‘Palma daétyhifera major; fpinofa, femina, folio 
Pabelliformi, has been much celebrated. This 
palm, ‘which grew in the Royal Garden at 
Berlin, ‘and is perhaps ftill growing there, 
had never borne fruit, notwithftanding it 
was eighty years old. The fagacious natu- 
ralift fufpe&ing, that the failure arofe from 
the want of a male plant in the garden, and 
having no opportunity ‘of availing himfelf of 
the expedient employed by the two Acade- 
micians of Paris, had ‘recourfe to the only 
alternative remaining. He procured fome 
pollen from the male of the fame {pecies, 
and fprinkled: it upon fome of the female 
bloffoms. The event correfponded admira- 
bly with the views of the curious obferver. 
All the flowers that were touched by the 
pollen produced dates in proper feafon, and 
from the feeds which were planted there 
fprang an equal number of young palms; but 
the other flowers, upon which the influence 
of the pollen had not been exerted, loft the 
greateft part of their fruit, while it was yet 
fmall, and in the little that remained, there 
was no ftone, nor did the feeds germinate (a). : 
One circumftance attending this artificial 
fecundation deferves to be mentioned. ‘The 
pollen employed by the botanift of Berlin 
was not frefh, but dry; it had been gathered 
nine days. iva | | 

+ When I was making my experiments upon 
mercury, it did not: occur to me to attempt 

(0) Acad: dei Pruff' for the year 1767. a 
| vo RATE 
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artificial fecundation; but I have not the leaft 
hefitation in fuppofing, that my fuccefs would 
have been the fame as that of the Pruffian 
naturalift. And as fuch experiments, under 
the guidance of a philofophical mind, cannot 
but throw great light upon the obfcure fub= 
je& of the feeundation of plants, I exhort 
botanifts to undertake them upon mefcury, 
a plant, not confined; like the palm, toa few 
countries, but widely fpread over the globe, 
I could with, that, in the fir place, if 1 may 
be allowed to exprefs my flendet conceptions, 
the pollen of the mercury might be carefully 
examined, in order to difcover what part of 
it is the immediate caufe of fecundation. I 
have already obferved (XV), that it confifts 
of veficles. In thefe veficles the induftry of 
enquirers has detected a fubtile liquor, con- 
taining a multitude of globules. This fimple 
obfervation has given rife to feveral difcors 
dant opinions. Some have fuppofed the glo- 
bules to be the immediate agents of fecunda+ 
tion; others have attributed this effect to the 
fubtile liquor; nor have there been wanting 
others, who have imagined it to be produced 
by a fluid of exceffive tenuity, a {pecies of 
vital {pirit, exhaling from the above-men- 
tioned liquor, which ferves only as a vehicle 
to the fluid (2). A few delicate experiments 
would. perhaps. determine which of thefè 
opinions is the true one. With refpe& to 
the laft, we might probably put it to the 
proof, by occafioning the explofion of the 
veficles by moifture, and expofing the liquor 
they yield for fome time to the air. If it 

(a) Adanfon familles des Plantes, T. 1. 
: will 
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will not. now fecundate the female bloffoms 
of mercury, it would feem, that it is effected 
by fuch a fpirit, or at leaft the mot fubtle, 
active, and volatile part of the hquor, which 
by this time has evaporated. Buti fhould 
fecundation. neverthelefs take place; inftead 
of imputing it to the fpirit, it mutt. be 
afcribed either to the liquor or the globules, 
and then the refult of my experiments: upon 
animals would be verified with refpe& to 
plants: it would: appear, that the efficient 
caufe of fecundation is not the fubtle, volatile 
part of the: fpermatic liquor, but the grofs 
fenfible portion, Next, in order to learn 
whether the globules, or the Hquor inde- 
pendent of them, produces fecundation, it 
will:be neceflary to feparate the ene from the 
ether, and touch different female blofloms 
with each; nor do I think, that a perfon ac~ 
cuftomed to delicate experiments, would find 
it very difficult to effect. this feparation. | 
. XLIV. Mr. Adanfon lays it down as a 
eertain truth, that the fmalleft particle ima= 
ginable of pollen falling upon the ftigma, 
will produce fecundation (2). . If this was 
really. the cafe, the impregnation of plants 
would in this particular agree with that of 
feveral amphibious animals, for which. I 
have fhewn an infinitely {mall drop of feed 
to be fufficient. But this renowned Academia 
cian muft allow me to remark, that what:he 

- advances is a mere hypothefis, in fupport of 
which he doesnot bring the fmalleft prefump~ 
tion, much lefs any proof: nor does he offer 
either prelumption or proof of the exiftence of 

pi | (a) L. bitte oa 1} 

this 
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this vital fecundating fpirit in plants, not? 
withftanding he afferts, that the embryos of 
animals are impregnated by a fpirit of the 
fame nature, iffuing from the feed; an .afler- 
tion which my experiments fhew to be abfo- 
lutely falfe. Nothing, however, can be eafier 
than to bring this hypothefis to the teft of 
proper experiments, by artificially fecundat-: 
ing mercury. And were fuch experiments 
diverfified, like mine upon animals, I have 
no doubt but that they would furnifh new 
and curious information. 

XLV. The feminal liquors of animals and 
plants poflefs one property in common ; they 
retain their virtue for fome time after. they 
have been taken from their natural refervoirs: 
The feed of frogs and toads preferves its pros 
lific power for feveral days after it has been 
taken out of the animals; and the fame qua- 
lity was obferved in the pollen of the palm, 
feveral days after it was feparated from the 
plant (XLIII). But the feed of animals be- 
comes in no very long time inert. Are we 
to fifppofe that the fame thing happens to 
the pollen after the dropping of the {tamina ? 
If we confider the phyfical caufe which, ac- 
cording to every appearance, deftroys the 
virtue of the feed of animals, it would feem 
as if the inference was not very juft. The 
feed of animals becomes unfit for fecunda- 
tion exactly in proportion as it putrefies; and 
if it can s preferved from. putrefaction, it 
continues to be prolific. This. fpecies of 
corruption does not feem fo much to be ap- 
prehended in the pollen, or rather in the at- 
tenuated liquor which it contains. From 
the analyfis given by able naturalifts we ie 

we that 
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that the Sa pe is of an oily nature, and refutes 
to mix with water(c). It appears, therefore, 
hot unreafonable to fuppofe, that, likeotherve- 
-getable oils, it will keep for along time; hence 
fome may be induced to think that the prd- 
lific virtue of the pollen continues fo much 

-longer than is generally believed, that. there 
is nothing extravagant in imagining it to lat 
for many months, nay fora number of years, 
But notwithftanding its oily nature, which 
may feem likely to preferve it from putrefy- 
‘ing, the following reafons lead me to fuppofe 
that it foon lofes its prolific power. . In order 
that this liquor may produceits proper effect, 
‘and the fame obfervation is Le oe to the 
globules and the fpirit of Adanfon (XLIH), 
at muft at the time it acts on the ftigma iffue 
«from the veficles, or have been lately dift 
‘charged, for it is natural to fuppofe; that by 
expofure to the injuries of the air it mutt be 
Uil vestba. altered, and rendered unfit for fe- 
‘cundation. But this difperfion and altera 

“ ‘tion muft unavoidably ‘happen to pollen, that 
«has been ripe for fome time. According to 
Mr. Needham’s obfervation, which-has been 
verified as well by others as by me, that if the 
ripe pollen of any plant whatever be examined 
by the microfcope, we fhall always perceive 
fome veficles from which the liquor has 
refeaped; thofe that ftill retain it will ex- 
plode if they be wetted, Ike an eolopile fud- 
denly expofed toa ftrongrheat. Itis equally 
agreeable and furprifing:to fee the fucceffive 
‘explofion of the veficles, and the projection of 
the liquor, a’few inftants after the application 

| (c) Gleditfch. 1. Ge . 

ead VoL. Th. Y of 
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of water. From this experiment it appeats, 
thatthe veficles remaining after fecundation, 
whether they float in the atmofphere or fall 
to the ground, cannot continuelong without 
exploding and difpelling their contents, be- 
caufe fome veficles will burft fpontaneoufly, 
and the explofion of the reft will inevitably 
be occafioned by vapour, dew, or at leaft by 
rain. ‘Thefe agents will, I am perfuaded, 
prevent the pollen from retaining its prolific 
virtue long after the feafon of fecundation. 
That rain, in particular, is deftruCtive of this 
quality evidently appears from thofe plants, 
which, during the time of flowering, are 
expofed to violent rains, being either barren 
or bearing only unproductive feeds. This 
failure is owing to the explofion of the vefi- 
cles before they reach the ftigma, the fitua- 
tion in which they fecundate the embryos 
contained in the ovarium. 

However this may be, to return for one. 
moment to the continuance of the virtue of 
the pollen, after the ftamina are withered.—. 
The term ought certainly to be afcertained 
both in mercury and other plants. The 
fubje& is highly interefting. | 
XLVI. It has been ufually admitted as a 

decided point, that fecundation is effected by 
fome veficles, or, according to the common 
expreffion, by fome granules of pollen, which 
entering through the ftigma into the ftyle, 
advance into its longitudinal dud, till being 
ftopped by the narrownefs of the paflage, and 
moreover moiftened by the juice oozing out 
from the fides, they burft and fend forth the 
fpermatic vapour, which penetrates as far as 
the ovarium, and impregnates the feeds con- 

i tained 
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tained in it. But this explanation has not. 
had the good fortune of meeting with Mr. 
Adanfon's approbation; not that he denies 
the pre-exiftence of the feed in the ovarium, 
nor that it is fecundated by the liquor of the 
pollen,.or, as he calls it, by the vital fpirit 
refiding in it. But he pretends that the vital 
fpirit does not pafs along this duct to the 
feeds, becaufe in many plants there is no fuch 
duct exifting. He sea indeed, that in 
fome plants, as in.feveral of the liliaceous 

tribe, the canal extends from the ftigma to 
the ovarium, but he afferts that it is other- 
wife in the greater number of other plants, 
which have their piftils imperforated. In 
order, therefore, to explain the manner of 
fecundation, he imagines that his vital fpirit, 
‘which in fubtility and a@ivity is equal to the 
electrical fluid, paffes along the trachea that 
terminate at the furface of the ftigmata into 
the placenta, whence it infinuates itfelf into 
the feed, and fecundates the embryo (a). 
The illuftrious Bonnet, in a fenfible and pro- 
found Memoir, entituled, Idées fur la Fécun- - 
dation des Plantes (6), mentions the opinion 
of Adanfon, but appears little fatisfied with 
his hypothefis concerning the frachee, on 
account of its being altogether precarious, 
although it is propofed by the author as a well- 
afcertained fact, and moreover finds great 
difficulty in admitting that any piftils are 
without a duct, and perfectly clofed. Hence, 
prompted by his conftant ardour for the in- 

Lgl tah pata | | 
(5) Inferted in Rozgier’s Journal for 1774, and res 

| printed in his works. 
Y 2 | veftiga- 
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veftigation of truth, he takes occafion to ex» 
hort philofophical botanifts to examine this 
matter afrefh. Although it was not my pur- 
pofe, when I was making enquiries concern- 
ing the generation of plants, to enter upon a 
complete examination of the internal ftru@ure 
of the piftil, I did, however, occafionally 
examine fome. For this purpofe I cut the. 
piftil tranfverfely into feveral pieces, and then 
placed them vertically under the microfcope. 
Thus I could afcertain whether they were. 
perforated or not. I found that fome piftils 
were completely perforated from the fotti 
to the ovarium; in others, the canal did not 
teach above half the length, and fometimes 
not fo far down. Laftly, in feveral other 
piftils there appeared no perforation at all. 
Upon the piftils of mercury I made no obfer- 
vation, which, however, it would be proper 
to do; and then the validity of that hypo- 
thefis, according to which fecundation is not 
effected by the paffage of a fubtile impregnat- 
ing fubftance along the duct of the piftil, 
but along the trachea, which terminate on 
the furface of the ftigmata, may be fcruti- 
nized. Icould wifh that fome pollen might 
be laid upon their furface, while care is, at 
the fame time taken, that none enters into 
the aperture of the duct: and that on other 
piftils the inverfe experiment. might be at- 
tempted, that is to fay, that fome pollen 
might be introduced into the opening, while 
the furface remains untouched, and. that we 
might fufpend our opinion till we know the 
iffue of the trial. 
XLVII. But although I could difcern no 

du& in the piftils of fome plants, I am poli 
Wits 
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avith Mr. Adanfon, difpofed to think that 
there are none. While I fincerely wifh for 
knowledge extenfive as his, I fhould be forry 
to reafonin the fame manner. I have found 
that the veficles or granules of pollen vary 
with the fize of the plant, an obfervation 
which has been made and publfhed many 
years fince by other naturalifts. Some are fo 
large as to be perceptible by means of a fingle 
glafs; while others are fcarce difcerned by 
the aid of the microfcope. Hence I can be- 

. lieve, without reluctance, that there are fome 
which no affiftance can bring under the cog- 
nizance of the fenfes. If we fuppofe the 
duct in the piftil to be the canal of fecunda- 
tion, its area will be proportional to the bulk 
of the granules which are to enter it: if they: 
be large, the paffage muft be wide; if they 
be very fmall or invifible, the paffage will 
probably be fo allo. According to this fup- 
pofition then, we fhall not be able to fee i 
duct, fhould it even exift. In order to de- 
termine whether my reflection be juft, it will 
be only neceffary to. obferve, whether the. 
granules of pollen are invifible when the 
piftil appears to be without a duct. But 
fhould the granules be perceptible, and the 
piftils have no canal, as far as the eye can 
judge, it would hence follow, that this is 
really the cafe, for it may eafily happen, that 
the piftil fhall be examined at a time when 
the duct is either not yet open or has clofed. 
Let me at once illuftrate and prove this pro-. 
pofition. In the Spoz/alia Plantarum, which. 
is without doubt one of the beft differtations. 
in the Amenitates Academica, the celebrated 
Linneus defcribing the amours of plants. 

| ge wit 
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with great complacency, and in the fame 
ftrain in which another naturalift would de- 
{cribe the amours of animals. He adduces, 
among other evident marks of the female’s 
appetite for the male, the dire@ion of the 
ftigma towards the piitil and its dilation, 
like the gaping of a ravenous dragon, long- 
ing for the pollen of the male, with which, 
when it is fatiated, it clofes. Gratzola, thefe 
are his expreflions, @&/fro venereo agitata pif- 
tillum figmate biat rapacis inffar draconis nil 
nifi mafculinum pulverem affettans ; at fatiata 
riétum claudit. He applies terms of like 
import to various other plants. The reader 
muft by this time. perceive, that what I 
would obferve is, that we may poflibly mifs 
the exact feafon of the female’s ardour for 
the male; and then the aperture of the ftigma 
will either be clofed after fatiety, or not yet 
opened. Hence we fhould falfely conclude, 
that thefe ftigmas are without ducts. A cir- 
cumftance of the fame kind happens to various 
animals, particularly to fomeof theamphibious 
clafs, as frogs, toads, newts, of which the 
females have their -oviducts quite free and 
open at the feafon of their amours; but at 
all other times they are fo narrow, that air 
can {carce be introduced into them by means 
of a {mall fyringe. If I fhould be afked, 
when. the female is moft ardent, and when, 
of courfe, the ducts are to be fought for, I 
would anfwer with Mr. Gleditfch, that at 
this period the delicate papi/e upon the 
ftigma are flightly covered with moifture of 
the fame kind as that which tranfudes from 
the veficles of pollen, for then, according to 
that author, fecundation takes place. 

di te to Cie ARIDI CORI GALA 
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‘ XLVIII. I have before obferved, that the 
furface only of the ftigma without the orifice 
might be touched with the pollen of mer- 
cury (XLVI). But I fhould wifh to know 
alfo, what would be the confequence of 
touching other parts, as for inftance the fur- 
face of the ftile. Fecundation might be alfo 
attempted upon the leaves and root of female 
mercury. ‘This idea is not my own, but 
partly at leaft Mr. Bonnet’s, who obligingly 
communicated it to me fome time fince, 
that I might put it to trial, but I have been 
hindered by my other purfuits. Let us hear 
him in his own words: The author,” (who 
is, as he fuppofes, M. Fougeroux, fee the 
long note at paragraph XXV), ‘ finifhes his 
Memoir with fome ingenious views, which 
to him appear worthy to be followed up: 
I earneftly wifh you could undertake this 
‘tafk: He would be glad, for inftance, that 
attempts were made to fecundate female 
plants by the root. This idea certainly de- 
ferves to be brought to the teft of experi- 
ment. But the root is at a great diftance. 
from the flower, and the impregnating fpirit 
mutt travel far before it can reach the ova- 
rium. It would be therefore proper to try 
the fhorter road of the leaves, and above all 
of the petals.” | “PO 

+ XLIX. But it is time to proceed from 
mercury to other plants, not lefs worthy of 
the attention of the naturalift. In mercury, 
as well as in bafil, we have feen the neceffity 
ef pollen to fecundation. ‘The pumpion or 
gourd with fhield-form fruit, the citron 
pumpion, hemp, fpinach, exhibited a phe- 

| homenon directly contrary: they produced, 
RL without 
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without the influence of the male duft, feeds 
capable of perpetuating the fpecies. And in 
order to be fatisfied that the duft had no 
fhare in producing the effect, recourfe was 
had to the moft vigilant precautions, and the 
moft decifive proofs. ‘The pumpion with 
‘fhield-form fruit flowered in a place many 
miles diftant from any plant of the fame or 
a neighbouring fpecies: moreover, the male 
flowers were all plucked off at their firft ap- 
pearance (XX, XXI) The fame precau- 
tions were ufed with refpe& to the other 
fpecies of pumpion, with the addition of a 
third; the accefs of the external air to the 
female flowers, was prevented during all the 
time, in the courfe of which they -muft, in 
the opinion of botanifts, be impregnated by 
the pollen; for this purpofe. the blofioms 
and branches were introduced into glafs 
bottles perfectly clofe (XXXII). Various 
precautions were likewife taken with hemp. 
i the firft place, feveral female individuals 
were fhut up in an apartment, from three 
weeks before their flowering to the time of 
the ripening of the feeds.. Secondly, fome 
branches were inclofed in bottles for the 
fame fpace, as in the citron-pumpion. 
Thirdly, fome female ftalks were made to 
flower fix weeks before thofe which grew in, 
the hemp-yards.. Laftly, I affured myfelf, 
that no male bloffom ever grew upon the 
females (XXVI, XXVII, XXVIII, XXIX). 
Precautions of the fame kind were obferved 
with refpe& to fpinach; fome female plants. 
were raifed in a garden, in which there were 
no males; fecondly, the pot was completely 
covered with a glafs receiver, when the 

flowers 
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fiowers with piftils were in bloflom; thirdly, 
bloffoms riali piftils were procured earlier 
than the ufual appearance of bloffoms with 
ftamina in the gardens and fields: laftly, I 
took care to fatisfy myfelf, that none of the 
females ever produced any male flower 
(XXX, XXXI, XXXII). One circumftance 
relative to hemp I muft not omit to repeat; 
the feeds of individuals confined in an apart- 
ment, were lefs numerous and fmaller than 
ef thofe which grow in the open air. Both 
thefe defects were {till more remarkable on 
thofe branches which were introduced into 
‘bottles (XXVII, XXVIII). Are we to fup- 
pofe, that thefe defects arofe from want of 
pollen? I am little inclined to admit fuch 
‘a fuppofition; it is far more probable, 
that they were owing to confinement in an 
apartment, and what was ftill more unfa- 
vourable, in bottles: hence the plants, and 
confequently the feeds could not attain the 
fame degree of perfection as thofe, which in 
the fields enjoyed the benefit of frefh and 
open air, and were fubject to the direct in- 
fluence of the folar rays. My opinion is 
ftrongly confirmed. by thofe plants which 
flowered fix weeks earlier than the others, 
and, notwithftanding the abfence of the pol- 
len, produced perfect feeds as large, and in 
‘as great abundance as thofe of the hemp- 
yards, becaufe they were conftantly expofed 
to the kindly influence of the air and fun 
(XXIX). From thefe obfervations on hemp, 
pumpions, fpinach, compared with others 
made on bafil, mercury, palm, turpentine, 
&c. &c. it may in general be inferred, that 
if a great number of plants require the Paes 

SB er 
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der of the male, in order to fructify, in many 
others fru@ification has no dependence on 
this powder. And although we are as yet 
acquainted with a few only belonging to the 
latter clafs, it will doubtlefs increafe in pro- 
portion to the number, application, and fa- 
gacity of thofe who fhall employ themfelves 
in cultivating this branch of the Natural 
‘Hiftory of vegetables. 

L. But by affirming, that there are plants 
which bear productive feeds independently 
of pollen, Iam aware, that I fhall incur the 
difpleafure of all modern naturalifts and bo- 
tanifts. They will exclaim againft me with 
the utmoft indignation, and reproach me 
with having advanced the moft abfurd of all 
poflible propofitions. I {hall betold, that from 
the days of Cefalpinus to the prefent hour, 
every naturalift of diftinction, Grew, Ray, 
Camerarius, Morland, Geoffroy, Vaillant, 
the Juflieus, Duhamel, Adanfon, Bonnet, 
&c. &c. have admitted the two fexes of 
plants, and the neceflity of both to fecunda- — 
tion—that the prince of modern botanifts 
has confecrated an entire effay to the celebra- 
tion of the amours of plants, and to the de- 
fcription of their fexual parts—that upon 
this diftin&ion of fex, as upon a folid and 
immoveable bafis, he has founded the great 
edifice of his famous Sy/ffem of Nature—that 
in conformity with this theory he defines 
the blofloms; the organs of generation in 
plants, which are fubfervient to the impregna- 
tion of the feeds—that in the eflay, to which 
I have referred, he fhews, that the duft of the 
ftamina is not diffufed, till the ftigma of the 
piftil is ina fit condition-to receive its in- 

fluence 
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fluence—that the piftils are always difpofed, 
with refpe& to the ftamina, in a fituation 
favourable for the reception of the pollen. 
They will bring to my recollection the proof 
of the neceflity of the piftils and ftamina to 
fecundation, deduced .from experiment; for 
if the ftamina or piftils. of hermaphrodite 
flowers be cut away before the time of blow- 
ing, fructification will infallibly be prevent- 
ed; and the fame failure is obferved when- 
ever the ftamina are converted in petals, 
or the piftils are expanded into little leaves. 
Finally, they will adduce, in full confirmation 
of thefe affertions, the various inftances of ar- 
tificial impregnation, fuccefsfully attempted 
by different naturalifts upon various fpecies 
of plants, by means of pollen. From all 
thefe confiderations, it would feem no longer 
to be queftioned, that the fecundation of 

_ plants, in confequence of the action of pollen, 
is one of the moft univerfal laws of Nature. 
+ LI. Such are the objections which I feem 
to hear urged againft me by the learned and 
worthy maintainers of fexualifm. I-muft, © 
however, inform them, that I was not un- 
acquainted with thefe arguments, when I 
made my experiments upon plants. I knew, 
moreover, that fome of them were dire&ly 
oppofite to experiments related by the north- 
ern Pliny; as that, for inftance, defcribed by 

. him in the following terms, ‘* Cannabem 
flores mafculos tantum ferentem, fi ante di- 
vellit ruftica quam cannabis feminifera flores 
piftilliferos non aperuerit, nullam aut fane 

| gxiguam portabit feminum copiam (2), 

(4) Spons Plant, 
alfo 
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alfo, had in view. an affertion, nearly alike, of 
the illuftrious Duhamel, in his PAyfigue des 
Arbres. It has been obferved, fays he, that 
an infulated plant of /pinach produces but a 
very little feed. capable. of germinating. When 
I firft read this writer, 1 gave full credit to 
his affertion, for I had no reafon to doubt of 
it; and even quoted it in a note on the Coz- 
templation de la Nature, tranflated by me, and. 
publifhed at Modena, in the yeari770. 

Thefe refpectable authorities ferved only 
to render me more diligent, cautious, and. 
afliduous in my experiments. They had not 
fuch influence as to make me adopt an opi- 
nion, contrary to that to which fa&s pointed : 
nor fhall they now hinder me from making, 
with proper deference, fuch ftri€tures upon 
the inftances juft quoted, as are fuggefted by 
the difpaffionate love of truth. To begin 
with the fact mentioned by Linnaeus, it does 
not appear that he made any experiment upon 
hemp; he feems merely. to have adopted the 
vulgar notion, according to which, if the 
male hemp be pulled before the flowering of 
the female, the latter will produce either no 
feeds at all, or only very few.. ‘Fo thew the 
falfenefs of this notion, I have only to advert 
to my experiments, in which every ftalk of 
hemp proved fruitful, though they were all 
kept fo clofe, as to be perfectly exempt from 
the influence of pollen—-not to mention the 
common practice, in the territories of Reggio 
and Modena, of pulling the male plants ata 
period, after which the females grow vigour- 

Qufly for feveral weeks, and bear productive 
feeds. I intreat the learned reader to call to 
mind the twenty-fourth paragraph, in which 

thr 
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this practice is defcribed; and alfo to compare 
the aye of my obfetvations on hemp, with 
the few contrary expreffions of the late Upfal 
Profeffor, and then to decide.. I give the 
fame anfwer to Duhamel’s intimation con» 
cetning fpinach. If that illuftrious naturalift 
had deduced the barrennefs of this plant 
when infulated, from experiments of his own, 
I would have difcuffed them, and have ren- 
dered them all the juftice they would have 
deferved; but he barely mentions the com- 
mon fuppofition, which is contradicted by 
the facts adduced by me. 
With refpect to the diffufion of the pollen, 

which was the firft of the three arguments in 
favour of the fexual fyftem, only at a time 
when the ftigma is in a fit condition to re- 
ceive it; and with refpe@ to’the favourable 
pofition of the ftamina and piftil, the philo- 
fopher will immediately perceive, that thefe 
are by no means direct proofs of the fexual 
f{yftem, but mere confiderations relative to 
convenience, calculated, if I may employ the 
expreflions of the great Verulam, rather ta 

allure, than to extort affent. : 
‘ LIT. Of the fecond argument, dedticed _ 
from the failure of fructification, when the 
ftamina or piftils are either cut away or dege- 
nerate, | mutt take the liberty to obferve, 
that fuch inftancés do not prove that thefe 
‘parts are the organs of generation, but merely 
that they have fome coficern in this function, 
as well as many other parts, which yet have 
never been fufpetted to be appropriated to 
generation. The only facts which clearly 
evince the diftinction of fexes in plants, ‘are 
inftances of the failure of frudtification ‘in 
sa 6 females 
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females placed at a diftance from males, and 
of artificial fecundation, which was the third 
argument adduced. But fhall we conclude, 
with thefe worthy naturalifts, that fuch fa&s, 
of which fo few are known, in comparifon 
with the immenfe multitude of plants, are 
fufficient to eftablifh an univerfal diftin&ion 
of fexes? Is it not, on the contrary, evident, 
that they have deduced a general conclufion 
from particular premifes? They ought at 
moît to have faid no more than that, confi- 
dering the clofe analogy which plants of dif- 
ferent claffes, genera, and fpecies, bear to 
one another in their properties, and that as a 
diftin&ion of fexes has been demonttrated in 
fome individuals, it probably extends to 
others. Thus, from my difcovery of the 
fetus’s pre-exiftence in the female of different 
amphibious animals, and from a like obfer- 
vation made on birds by the great phyfiolo- 
gift of Berne, I fuppofed that I might juftly 
infer, that the fame pre-exiftence extends to 
other animals. After I had found, that the 
embryos of feveral plants exift before the ap- 
pearance of the ‘flowers (XLI), I made the 
fame inference with refpect to all others. 
But the favourers of the fexual fyftem are 
not warranted, by fo inconfiderable a number 
of facts, to eftablifh it as an univerfal law, as 
others have done, befides Linnaeus, who, 
without limitation, defines flowers, the organs 
of generation of plants, which are fubfervient 
to the fecundation of the feeds. Hence he at- 
tributes to plants as many males, or hufbands, 
as there are ftamina. But before he fo de- 
cifively determined the number of hufbands, 
he ought to have been fure that they per 

orm 
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form the office... If this far-famed naturalift 
‘had facrificed lefs to nomenclature, and more 
to the fpirit of inveftigation, he would have 
been led to ftudy the parts of flowers more 
hilofophically and more profoundly ; hence 

he would have been better enabled to afcer- 
tain the truth or falfhood of his fyftem: but 
he was in too great hafte to erect his own 
fyftem upon the ruin of Tournefort’s; and 
his eagernefs has not, perhaps, been highly 
advantageous to the philofophy of botany. 

LIII. Among various particulars concern- 
ing the generation of plants, which I com- 
municated to Mr. Bonnet, in a letter dated 

-’ Odtober the 18th, 1777, and alluded to ina 
note, at paragraph XXV, I mentioned fome 
experiments, which were then indeed im- 
perfect, but feemed to fhew, that in fome 
lants the fecundity of the feeds was totally 

| independent of the powder of the ftamina. 
Hence I concluded, that botanifts in general 
had been guilty of a fpecies of fophifm. Al- 
‘though what I then wrote to my illuftrious 
friend was but a {ketch of thofe experiments 
which I afterwards undertook, yet he ac- 

cepted it: with complacency, and admitted. 
my conclufion, notwithftanding his opinion 

| was before different. In his anfwer, dated 
November the 29th, the fame year, he fet 
forth the reafons why he had adopted the 
fexual fyftem, and fubjoined the following 

i acknowledgment, which amounts to a pane- 
gyric on his candour. “ I am, however, 
‘fufficiently convinced by your experiments, 
that all the great naturalifts whom I have 
enumerated, as well as myfelf, were deceived. 
We had all formed a hafty decifion, and 

drawn 
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drawn a general conclufion from particular 
premifes. We had deduced the neceffity of 
the pollen in fecundation, from experiments: 
executed on different fpecies of plants; 
whereas we- ought only to have faid, that 
it feems to follow, from thefe experi- 
inents, that in fuch fpecies the influence of 
the pollen appears to be neceflary to fecun- 
dation.” 

LIV. Such indeed is the fatal rock on 
which the genius of fyftem-makers ufually 
{plits.—They illogically deduce general pro- 
pofitions from particular proofs. Finding 
that certain parts are common to a number 
of plants, and that in them they perform 
particular functions, and have particular pro- 
perties, they determine, with wonderful faci- 
lity, that the fame things take place in all 
other plants: and on thefe parts performing 
fuch functions, and endowed with fuch pro+ 
perties, they found their fyftem of botany, 
without perceiving, that before the fyftem 
can have fuch an unlimited generality as they 
pretend, they ought to be acquainted with all 
the plants of the earth. But how many are 
yet unknown? How many more than are 
known? With what propriety then can the 
whole vegetable kingdom be comprehended 
under one law? Does the organic world © 
afford a fingle law, which can be called uni- — 
verfal? Have not the laws, which haftily and 
imprudently were eftablifhed as univerfal, 
been found not to be réally fuch? The learned 
botanift, Necker, in his Phyfology of Moffes (a), 
ably points out this defect of fyitem-makers, 

{«)-Phyfiologia Mufcorum, Manhemii, 1774. 

" i in 
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‘| jn which he diftinguifhes them from obferv= 

ers; not indeed with great purity of ftyle, 
yet with the utmoft juftnefs of fentiment.- 
“* Alterum fyftematicum, alterum obferva-. 
torem diftinguimus. Ile non nifi quibuf- 
dam plantarum fpeciebus univerfa ftabilit {yf 
temata: a particulari ad univerfale concludit, 
i.e. omnibus globi terraquei vegetabilibus 
eafdem proprietates ac iis que experimentis 
iano tribuit. Obfervator omnia 
theoretica rejicit fyftemata, folis obfervati- 
onibus necnon experimentis innixus, Natu- 
ram perfcrutans: perfectio botanices ab indi- 
viduorum fingulorum inter fe affinium eorum# 

| que identicorum characterum notitia effen- 
tialiter pendet. Ea proportione notitia hec 
acquiretur, qua obfervatorum numerus, qui 
valde exiguus, augebitur fyftematicorumque 
cumulus minuetur. Certum indubitatum- 
que quod fyftematicum ingenium precipua 
caufa fit cur de modico prefeétu botanices 
dolemus. Syftemata botanica cum tempore 
exolefcunt, quia Natura ac experientia potif- 
fimum non nituntur.” _ | Lat gh ch ot 
LV. That Nature fhould follow a different 

procefs in different plants—that fome fhould 
require the influence of pollen in order to 
multiply the fpecies, while it is not neceflary 
to others, is perfectly conformable to what 
we every day obferve in animals to which 
they are fo analogous. Numberlefs animals 

“are incapable of multiplying, without the 
concurrence of both fexes, or, at leaft, with- 
out the intervention of that liquor, upon 
which depends the immortality of the fpe- 
cies; as is evident in man, quadrupeds, birds, 

‘ fifhes, reptiles, and infects. But a vaft num- 
“V6. I Z ber, 
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ber, on the contrary, propagate without fuck 
means; as for inftance, the POLYPES; under 
which denomination is included an immenfe 
variety of {mail animals, inhabiting the bot- 
tom both of the frefh water, of ditches; 
ponds, puddles, and of the falt water of the 
fea. To thefe may be added; the lice of 
plants, a moft comprehenfive elafs ; whole 
armies dwelling on a fingle individual. The 
animalcules of infufions, moreover, agree 
with the lice of plants and polypes, in the 
mode of propagating the fpecies: I° have 
thewn, in my Sf effay, relative to the ma= 
tural bifory of vegetables and animals, that 
many fpecies are multiplied by a natural di-’ 
vifion of the body; fome fplitting into twe 
portions, fome into four; feme into fix, and’ 
others into eight, &c.~that fome are ovi= 
parous, others viviparous, and that all are’ 
itriGly hermaphrodites, each individual pro= 
pagating its kind, without needing the con= 
currence of another. Thus it may, and really’ 
does come to pafs in fome plants, which mul- 
tiply without the influence of the fecundatine:* . 
uft. | | 

~ “LVI: One objeftion, however, may be 
ftarted, and it would be inconfiftent with my 
impartiality to fupprefs its - It may be urged, ~ 
by the advecates of the: fexual fyftem, that 
although at the time’ I was making my expe-_ 
siments upon the pumpion with fthield-form 
fruit, the citron pumpion, fpinach, and hemp, 
I-was perfeétly certain that the pollen had: 
no acet{s, yet it might previoufly have im: 
pregnated the feeds. It may be faid, that the’ 
female individuals. might ‘have been ‘fecun=~ 
dated feveral years -betore, and:that by this 
iva bat stà Sirolo 
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fingle act, not only the feeds of the current 
year, but thofe of feveral fucceffive genera- 
tions, might have been fecundated. Par 
‘ This objection is only a repetition of what 
was modeftly fuggefted by the illuftrious 
Trembley, to Mr. Bonnet, when he made his 
celebrated difcovery of the hermaphroditifm 
of the lice of plants. Who knows, faid that 
naturalift, fo cautious and deliberate in his. 
decifions, dut that one copulation may ferve for 
many generations (a)? Although my excel- 
lent colleague acknowledges the queftion to 
be altogether gratuitous, yet, as it was put 
by a Trembley, he was anxious to repeat his 
obfervatioris; and he juftly concludes, that the 
fufpicion is entirely removed by the pro- 
duction, of ten fucceflive generations without 
copulation (4). With refpect to my plants, 
I muft frankly acknowledge, that I did not 
obtain from any of them more than three 
generations without the intervention of pol- 
fea. Nor did the nature of the thing allow 
me to fatisfy my curiofity fo foon as Mr. 
Bonnet, for he in the fhort fpace of three 

- months, obferved ten fucceffive generations ; 
“whereas not lefs than ten years muft. have 
paffed, before I could have obtained an equal 
number in the fubje@s of my experiments. 
I have not, therefore, been able to derive fuf- 

a) Bonnet Corps Organ. p. 311. Ed. in 4to. | 
4) Notwithftanding Mr. Bonnet has difcovered and 

_publithed this fact fo many years ago, and notwithftanding 
it has met with no oppofition from any obferver, Linnaeus 
advances, in-his Sy/tema Nature, and in the laft edition 
of 1767 repeats, this fcandalous propofition. ‘ A copula 
parentum foecundas nafci filias, meptes; proneptes, ab- 

. meptes'afleverant entomologi.” ~ 
4 Li! 2 ficient 
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ficient information from this fource; yet I 
can adducé confiderations weighty enough to 
6verturn the objection. In the firft place, 
all. Nature does not afford a fingle inftance, 
wherein one act of fecundation ferves for 
feveral generations. The only cafe, concern- 
ing which any fuch fufpicion has arifen, has 
been abundantly cleared from it. Secondly, 
we have inftances of many fucceffive gene- 
rations, without copulation or fecundation, 
as in the polype with arms. From the body 
of this fpecies fprout {mall polypes, which, 
during their evolution, produce other fmaller 
polypes, and thefe again others ftill fmaller, 
and fo on: hence we have at laft a feries of 
genetations, growing one out of another, and 
all fupported by the mother polype, of which 
we are certain, that fhe has never had any 
fort of commerce with her fellows; becaufe 
fhe was torn, while yet very fmall, from the 
body of another, and ever afterwards kept in 
the moft perfect folitude (a). Since, there- 
fore, we obferve fo many fucceffions in ani- 
mals, independently of the action of any femi-. 
nal principle, why may not, or rather why 
muft not, the fame thing take place in fome 
kinds of plants? We have no fa& which 
proves a number of. fucceffive generations 
in any organized body, to be the effect ot 
the tefult of an antecedent act of fecun- 
dation. 

LVII. Although the many faéts which I 
have related, compel me to reject the action © 

‘ of the powder of the males in feveral eee | 
i yet I dare not altogether deny the poflibility 

(a) Trembley, Polypes d’eau douce. 
“oe 
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of fecundation. ‘What I mean to infinuate 
is, that in the courfe of my frequent medi- 
tations upon this important fubje&, a doubt 
has arifen in my mind, whether the feeds in 
the ovarium may not be fecundated by fome . 
feminal principle refiding in the piftil. I 
have frequently feen upon the ftigma of cer- 
tain plants, a kind of powder exceedingly 
like that of the ftamina, though I had at 
the fame time clear proofs, that the latter 
had not yet burft from the anthere, But J 
did not, I muft own, make any careful ob- 
fervations on this fubje&, My furmife was 

. however ftrengthened by reading in Kol- 
reuter, not without furprize, that the pro- 
perties of the feminal powder belonging to 
the ftamina, are exactly the fame as thofe of 
the matter furnifhed by the piftil, Now [I 
have fometimes doubted, whether the duft 
of the ftigma may not produce the fame ef- 
fe&s on fome plants, as that of the ftamina 
on others. But this is a mere fufpicion, 
which it would give me great pleafure to. feé 
confirmed or deftroyed by fome able obferver. 
And as I am fpeaking of the ftigma, let me | 
add, that I wifh this organ were more care- 
fully examined, than it has ever yet been; 
great attention fhould be paid, in order to 
determine whether it is imperforated or not 
in fome plants (XLVI, XLVII). Such re- 

.. fearches, united with others relative to the 
ftamina, would contribute to diffipate the. 
mift which covers the fecundation of plants. 
As I have derived great advantage in my at- 
tempts to illuftrate this function in animals, 

from artificial feeundation, I cannot but 
‘ggain recommend the fame means; nor do I 

Seal 1 Z 3 doubt, 
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doubt, but that they will, throw as much 
light upon plants as upon animals. 
sr WP By thefe exhortations, fuggefted 
by an unfeigned. defire of attaining truth, 
and extending the limits of botannical know- 
ledge, I wifh to induce naturalifts to ftudy ~~ 
in a more philofophical manner the natural 
hiftory of plants. ‘The ligneous {pecies have, 
it is true, been much illuitrated by the pro- 
found enquiries of Grew, Malpighi, Hales, 
Duhamel, and Bonnet; but the herbaceous 
kinds fo much exceeding the others in num- 
ber, and fo, deeply interefting to. mankind, 
on account of the fuftenance they afford, 
have been hitherto almoft totally neglected. 
We have at moft a bare nomenclature, in 
which their different parts are defcribed ac- 
cording to the fyftem adopted by the author. 
I do not on this account condemn nomencla- 
tures ; the neceflity of them is evident, fince — 
it is impofible to enter Upon a rational invef- 
tigation of plants before we are acquainted 
with them; and we cannot be acquainted 
with them without the {cience of names (a). 
I obferve only, that nomenclature gliding 

(a) Befides being obliged to learn the nomenclature, 
(whence it may be called the grammar of natural hiftory, 
anid thòfe who:teach it the grammarians)' we are under 
the neceffity of ufing it when we write, if we wifh to be 
generally underftood, ‘Thus, in treating of plants and 
animals, unlefs they happen to be the moft commomof all, 
it would appear, that at prefent we cannot do without Lin- 
neus. If, at leaît, we make ufe of the names in his Sy/- 
tema Natura, whatever glaring defects that work may 
contain, we are fure of being underitood by all Europe. 
I faid plants and animals ; for foffils we ufe Cronftedt and 
Weallerius, as the claflical authors. 

along - 
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along. the furface of things; is-incapable «of 
furnifhing fuch information, as will fatisfy 
the curiofity ef the profound enquirer, and 
advance our knowledge ef the vegetable king- 
«dom. The bodies of Nature are not fimple, 
‘but exceedingly. complex; Mufchenbrock 
juftly compares them to a clock, contifting 
of many wheels, and enclofed in a cafe, which 
prevents us from obtaining a view of the fize 

--and mutual dependency of' the whee]s, and 
the various actions of the {prings, “To fee, 

| therefore, the internal parts, and eftimate 
them properly, it becomes neceflary to open 
the cafe: we muft do the fame with refpect 
‘to natural bodies, and not be contented with 
barely infpecting the outfide, but endeavour 
.to penetrate further, and inveftigate the won- 
ders lying within, When the firft minera- 
logifts characterifed the productions of the 
foffil kingdom, by difference in colour,.in 
tranfparency, opacity, by roughnefs or 
{moothnefs, by their granulated or fibrous 
ftructure, &c. they held out only fuperficial, 
vague, and, for the moft part, fallacious no- 
tions. Before they could be properly under- 
ftood, it was neceflary that SARA fhould 
fearch thefe productions by its. analyfis. 
What this fcience has done for foffils, ana- 
tomy has performed for animals. We cannot 
but acknowledge the greateft obligations to 
-Swammerdam, Redi, Vallifneri, Reaumur, 
«Lyonet, Daubenton, and, above all, in the 

- ‘clafs of infe&s, to the immortal: Malpight, 
whofe differtation on the filk-worm is a tiffue 
of difcoveries, and may be juftly confidered 
as alone fuperior to all: the nomenclatures.of 
infects hitherto publithed. Icould with that 
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‘the fame attention, which fo many able natu- 
ralifts have beftowed upon refearches con- 
cerning foffils and animals, was paid to her- 
baceous plants. Their economy, the prin- 
Si object of natural hiftory, ought, above 
all, to be the aim of our enquiries.. But it 
will be impoffible to fulfil fuch an intention, 
‘till. a careful examination has been made, 
both of their internal and’ external ftruc- 
‘ture (gz). ‘Iam aware, that refearches of this 
Mature require quicknefs of apprehenfion, 
pertinacity of attention, fertility of refources, 
-exactnefs of judgment, the utmoft vigilance 
in noticing the phenomena, and no lefs faga- 
city in diftinguifhing them; thefe requifites 
do not feem indifpenfably ‘neceffary in the 
«learned nomenclator, who is generally confpi- 
‘cuous chiefly for memory ; and this is the true 
reafon why, at a time when we are rich in 
nomenclators, we are poor, nay beggars, in 
obfervers. But it is only by fuch laudable - 
exertions, and fuch valuable accomplifh- 

(a) Thofe who, from a defire to ferve the public, and 
.to contribute to the progrefs of human knowledge, fhall 
apply to the ftudy of plants, and indeed of minerals and 
animals alfo, would do well, in my opinion, to follow the 
‘example of Erxleben, a late celebrated academician of 
Gottingen. Mr. Koeftner, Prefident of that refpe&able 
‘academy, draws, in his elogy, the following exemplary 
character of him, and fubjoins a very juft reflection. 
“~ Hiftoriam Naturalem, quam vocant, judicabat (Erxle- 
ben) animalium, plantarum, foffilium, non catalogum efle, 
fed phyficam. Jtaque horum corporum ftructuram, ana- 
lyfim, proprietates, ufus docuit, non neglectis tamen notis 
quarum ope velut in indices poflent referri. Quos indices | 

| folos'qui memoria mandant aut ad evolvendos illos manus 
habent exercitatas, fruftra fibi perfuadent, librum ipfum 
Nature fe tenere.” 

ments, 
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ments, that we can hope to advance any fars 
ther in this noble fcience, and to increafe the 
ftores of ufeful knowledge.. I cannot, there.. 
fore, but fet an higher value upon the genius 
of thofe naturalifts, who confine their atten- 
tion to fome part of natural hiftory not yet 
fufficiently elucidated, than upon the art of 
thofe, who only employ themfelves about 
nomenclatures; and I have the pleafure of 
agreeing in opinion with thofe great men; 
whofe moft earneft with is for the greateft pof- 
fible improvement of {cience, and who, while 
they recommend it, with patriotic zeal, to o- 
thers, advance it themfelves in their immortal 
productions. Not that thefe illuftrious 
writers defpife nomenclature, which is fo ne- 
ceffary, that it may be called the key of the 
three kingdoms; but they confider the pur- 
fuits of nomenclators as not of the moft ufe- 
ful.tendency, becaufe the defire of compre- 
hending, in voluminous nomenclatures, like 
fo many Briareufes, the whole of Nature, as 
more than one have attempted, feems to them 
equally prefumptuous and puerile. If Men 
would go about to difcover things, and not 
words; if they would inveftigate Nature, and 
bring to light fome part of her inexhauftible 
ftores, they would render far greater fervice to 
the fcience which they cultivate, and deferve 
better of the republic of letters. Left this re- 
prefentation fhould appear exaggerated, I will 
adduce, from among many refpectable autho- 
rities which are at hand to confirm it, thofe of 
the incomparable d’Alembert, and of the fub- 
lime contemplator of Nature. ‘ We by no 
means with to refemble that tribe of natu= 
ralifts, who have been fo juftly cenfured by 

a.mo- 
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a modern philofopher; inceffantiy employed - 
in: dividing the productions of Nature into 
genera and. fpecies,..they fpend in fuch. la- 
bours.the time which would much better. be 
dedicated. to. the ftudy of their properties.” 
Such are the expreflions of the former in that 
moft. mafterly. production, the Preliminary 
Differtation to the Encyclopedia. I thall con- 
clude with the words of the latter. ‘‘ What 
ought we to think of thofe pompous nomen- 
¢latures, which are arrogantly offered to us as 
the Syfem of Nature? The, idea of a {cholar, 
who attempts to form the index of a large 
folio, of which he has read only the title and 
the -firft pages, immediately arifes in my 
mind. And are we in pofleifion of even the 
firft pages of the book of Nature? How 
many pafiages do they contain which we do. 
not underftand, and of which the hidden 
meaning probably, contains interefting truths? 
I with not to extirpate nomenclators; they 
ftrive to give our knowledge fome arrange- 
ment; but I will venture to fay, that a mere 
nomenclator will never make any great difco- 
very. I will add, that I fet an higher value 
upon a good treatife concerning a fingle in- 
fect, than upon a whole-entomological no4. 
menclature.——-Meditate the admirable hif. 
tory of the polype, perufe the fine memoirs 
on infects, and then compare the ufefulnefs. 
of thefe productions with that of the moft 
boafted nomenclatures. Of which woul 
you fooner chufe to be the author? Which, | 
think you, imply moft fagacity, genius, and 
invention, and have the greateft tendency to 
improve anatomy and natural hiftory? We 
ought, in my opinion, not to be fo anxious to. 

| | make, 
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make the catalogue of human knowledge, as 
to increafe it. Let us colle& more materials 
before we think of erecting a temple to Na- 
ture. She will elfe refufe to dwell in it. In- 
ftead of correfponding to her majefty, it will 
only be proportional to the meannefs of the 
architect (2). | GIRI. 

(4) Contemplation de la Nature, 

END of DISSERTATION Il 
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AN ABRIDGEMENT OF MR. DEMOUR’S 
OBSERVATION IS TO BE FOUNDIN THE 
FRENCH MEMOIRS FOR 1741, p. 28. IN 
THE MEM. FOR 1778, PRINTED IN 1781, 
p.13, WE FIND THE ACCOUNT IN HIS 
OWN WORDS. THE TITLE IS, ‘° oB- 
SERVATION DE DEUX ANIMAUX, DONT. 
LE MALE ACCOUCHE LA FEMELLE. 

ee E eulogies of Naturalifts upon the 
.  induftry of animals are boundlefs. It 

has been pretended, that man is indebted to 
them for the ufeful arts; and fome are ex- 
travagant enough to aftirm, that even the 
moft abftracted fciences have been borrowed 
from brutes (2). According to Pliny and 

| feveral other naturalifts, the idea of bleeding 
was fuggefted to phyficians by the hippopo- 
tamus; and that of injection by the ftork, 
which, on account of the great fervices it 
rendered them, was formerly worfhipped by 
the Egyptians. The bear and che dog 

_ pointed out the advantage of emetics; the 
. former by {wallowing ants, the latter by eat- 
‘ing the leaves of dog’s grafs. Happily for 

(a) Giovanni Bonnifacio, l’arti liberali e mechaniche, 
come fiano ftate dagli animali irrationali, agli Huomini 
dimoftrate. 3 ) Sia 

medicine, 
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medicine, the fact recorded in this Memoir, 
was unknown to thefe naturalifts, otherwife 
they would not have failed to afcribe the - 
origin of the art of midwifery to the animal 
in queftion. 

One evening during the dog-days, I ob- 
ferved near fome fteps by the great bafon in 
the king’s garden, in which I at that time 
occupied the office of demoftrator, and keeper 
of the cabinet of ‘Natural Hiftory, two land 
toads of the fmaller fpecies (a) in the a& of 
copulation. I faw that the male frequently 
moved his hind legs; a defire to difcover the 
caufe of thefe movements led me towards 
the place, where I was furprized by two 
henomena, which I believe have not been 
itherto noticed. The firft was the diffi- 

culty with which the female brought forth 
her eggs, which was fuch that fhe abfolutely 
required foreign aid, what no other animal 
with which we are acquainted does. The 
fecond phenomenon was the efforts made by 
the male to extract the eggs with his hind 

‘ feet, and his thus performing the office of an 
‘accoucheur. i 

« I could not conceal my fatisfaétion at a 
 fpedtacle fo uneommon. My attention re- 

doubled, and I feated. myfelf. quietly on the 
ground, in order to obferve more accurately; . 
and efpecially to watch whether the male 
impregnated the eggs as he extracted them. 

To underftand the operation completely, 
it muft be remarked, firft, that the fore as 
well as hind feet of thefe animals are di- - 
vided into feveral toes, by the help of which 

ei (a) Rubeta minor. Gefneri. 
the 



the male draws the eggs out‘of the vent of 
the female. | | | 
“Secondly, that'thefe animals copulate like 
frogs, i: e. the male gets upon the female’ s 
back, and embraces her with his fore feet: 
In the frog the feet are long enough to clafp 
the female completely, whereas in the toad: 
they reach ‘only to the fide of the breaft,' 
againft which the animal preffes with fuck 
force, that an ecchymofis often takes place 
before he quits his fituation: 

aa 

. 1 muft obferve in the third place, that the | 
eggs of this fpecies of toad confift of a ftrong 
membranous cover, within which the em= 
bryo is contained. The eggs are about two 
lines long, and of an oblong fhape; they are 
connected by a fhort and ftrong cord. A 
pretty juft idea of thefe eggs may:be con+ 
veyed, by comparing them to a necklace, ‘of 
which the beads lie at about half their own 
length from each other. They are dif 
charged at the vent, becaufe the receptacle 
in which they were contained, opens into 
the lower ‘part of the rectum. bo 

There is reafon to fuppofe, that the firft 
egg is expelled by the exertions of the fe- 
male, and that the male extra@ts the reft. He 
performs his office with an addrefs that one 
would not expect in an animal naturally fo 
aukward. When his motions drew my at- 
tention, he had extraéted the fecond, and 
was endeavouring to extract the fucceeding 
egg. The firft was fixed between the toes 
of the right foot, by the filament which 
connects it with the fecond, and it was by. 
ftretching out the foot, that he drew them 
from the anus of the female, which con 

ais. tinued 
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tinued motionlefs during the whole time; 
He tried to lay hold of the cord with his 
left foot, and made feveral attempts before 
he fucceeded. My prefence undoubtedly 
fometimes drew off his attention: for 
he would now and then ftop fuddenly, and 
look at me with an air expreffive either of 
inquietude or fear: then he would refume 
his employment with frefh alacrity, and foon 
relax again fo much in his ardour, as to feem 
irrefolute whether he fhould proceed or not. 
The female alfo teftified her difquiet by 
movements that difturbed the operations of 
the male, but fhe never feemed defirous of 
returning to the ftation under the ftone 
which fhe had quitted. 

At laft, whether from my filence and im- 
mobility, or from the urgency of the cafe, 
the female became ftill, and the male re- 
fumed his employment: he foon laid hold of 
the cord with his left toes, and now drew it 
out with both feet, by extending them gently. 
When he had ftretched them out as far as he 
could, he withdrew the left foot, without 
quitting the eggs that adhered to it, and con- 
tinued to extract with the right alone. But 

. here his difficulties recurred a fecond time. 
The portion of cord that lay between the 
middle fingers of the right foot, often pre- 
vented him from getting hold of a new part 
of the cord with that foot. He made feveral 
efforts without fuccefs, and {topped of a fud- 
den oftener than once. I was afraid, that the 

‘ movements of my head were the caufe of thefe 
interruptions, and I then fat motionlefs, and 
held in my breath. Sometimes I was in- 
clined to attribute them to the difficulty gt 

} e 
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the operation itfelf ; this tempted me to affi 
the animal, but I forbore, for fear of break- 
ing off the procefs. My attention had hither- 
to been divided between two objects ; while, 
on the one hand, I admired the dexterity of 
the male; I watched on the other, whether 
he bedewed the eggs with femen as he ex- 
trated them, but as yet I could not fee 
any appearance like this, though it feemed 
abfolutely necefiary to the fecundation of the 
eggs; and was, at the fame time; the chief 
obje& of my curiofity: I thought the want 
of light might prevent me from feeing it, 
and therefore; at all hazards, fet them on my 
hand, that I might infpe& them more 
tlofely. sar A a } 

This change of fituation puta ftop to the 
procedure of the male. for a few. moments ; 
but the urgent neceflity. for delivering the 
female; doubtlefs made him collect courage 
to refume his employment:. I.now tried only 
to obferve; whether the male impregnated 
the eggs as he drew them out; but notwith- 
ftanding all my folicitude to fee a pheno- 
smenon, of which the water-newt had before 
furnifhed me with an example(a), I could 
not perceive any thing like what I expected. 
The evening now clofed in, and after obferv- 
ing them for about half an hour, I was forced 
to fet them down in the place from which I 
had taken them. 

(a) The female newt is impregnated without coition. 
The male keeps at about the diftance of an inch above. 
the female, and throws out the feminal liquor upon her 

‘ fides; which renders the water a little turbid. This ob- 
fervation is to be found at the end of the firft volume of 
my tranflation of the Edinburgh Eflays, | 
“Vou. Il. Aa i My 
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My meeting with thefe animals was one of 
thofe fortunate occurrences, of which a natu- 
ralift alone can eftimate the value. It afforded 
me the view of a fact, fingular and hitherto 
I believe unnoticed. The affiftance yielded 
by the male I'faw diftin&ly; but it was quite 
otherwife with refpect to the other part of 
the obfervation. I could not, with all my 
attention, perceive any thing like what Swam- 
merdam faw in frogs, viz. that after forty 
days of coition the male impregnates the eggs 
as the female difcharges them, by bedewing 
them with femen. 
Though I could not perceive this irrora- 

tion, yet there is reafon to fuppofe, not only 
that it is neeeflary for the fecundation of 
this fpecies of fry, but alfo that it takes 
place in the fame manner as in the frog. The 
exact conformity between the ftructure of the 
internal parts of thefe animals, between their 
mode of coition and their embryos, which 
in each kind pafs through the ftate of tadpole 
before they attain the form of frog or toad, 
ftrongly confirms this conjecture. I fhould 
therefore fuppofe, that the male performs this 
function at fome other time. He probably, 
as well as the frog (a), bedews all the eggs at 
once, which he can not accomplift when he 
has them entangled about his feet. In truth, 
the wafte would be too great if he impregnated. 
them fucceflively, and in this cafe a great 
quantity Of femen would fall on the ground, 

. and my hand, upoa which the male operated. 

(a) How far this fuppofition is to be admitted, the: 
reader may learn:from the firft of the preceding differta= 
tions. T, US 
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for about a quarter of an hour; mutt have re- 
ceived fome. ~ Pits | "i 

This obfervation apprized me of a miftake. 
‘I had formerly committed. During the two 
laft years of M: Duverney’s life, I affifted him 
in his anatomical labours; and I had once 
occafion to feek by candle-light for newts, 
which the heat and drought of the feafon 
confined in their places of retreat in the day- 
time. Near arefervoir, confifting of a barrel 
that projeCted eight or ten inches above the 
furface of the ground, I perceived a toad of 
the fpecies above-mentioned, with a bundle 
of eggs on his back. ‘The ‘animal traverfed 
round the barrel to no purpofe; the edge was 
too high for him to difcharge his burden into 
the water: «I took it up with an intention to 
relieve its diftrefs, by throwing it into the 
water; in an inftant I felt fomething move . 
in my hand, and upon bringing the light 
neat I pereeived feveral little tadpoles jut: 
come ott of their envelope; they were very. 
lively, and as full formed as tadpoles of frogs 
that have loft their tail, and which. confe- 
quently have quitted their cover fifteen days... 
The cord of eggs was fo entangled in the 
hind fect, that the animal could make but. 
very fhort fteps: At that time I fuppofed: . 
it to be the female; but the obfervation which © 
I have now related proves, that it muft have 
been the male which is charged with the. 
cares that attend incubation. Nature,. in» 
the prefent inftance, has divided the toil 
that relates to the progeny equally between 
the two fexes: ‘The female has the burthen 
of the eggs before delivery, and likewife 
fupports the male upon her back, probably 

A a2 for 
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for forty days, as in the frog and water toad. 
The male, in his turn, delivers the female, 
and carries the eggs on his back till the time 
of the exclufion of the tadpoles, which hap- 
pens fooner or later, according to the feafon, 
and he then depofits them in a proper place: 
He throws himfelf into the firft water he 
meets, and is frequently the victim of pater- 
nal attention. If he gets intoa place whence 
he cannot eafily find his way out, he perifhes 
in a few days, as I have feen in many inftances. 
This fpecies, which OI. Jacobeus confiders 
as the Rana phrynotdes of Gefner, and which 
fome authors call Rubeta minor, in order to 
diftinguifh it from the common toad, which. 
they denominate Rubeta major, is incapable 
of living in water after he has once quitted 
it. He pafles the former part of his life in 
water, and the latter upon dry land. ‘This, 
according to Gefner, was known to the an- 
cient naturalifts, who affert the fame thing of 
the common frog. | 

The fpecies here mentioned quits his en- 
velope in the form of a tadpole withouta tail; 
at this time it has gills, and lives in water 
like fihes: there it continues till the gills 
begin to be effaced, which happens as foon as 
the fore-feet burft through the membrane 
which contained them: when the animal can 
walk or jump it feeks a different element, 
and quits the water before its tail is entirely 
effaced. 

Dis- 
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DISCOVERIES ON THE SEX OF BEES, EX- 
PLAINING THE MANNER IN WHICH 
THEIR SPECIES IS PROPAGATED; WITH 
AN ACCOUNT OF THE UTILITY THAT 
MAY BE.DERIVED FROM THOSE DIS- 
COVERIES BY THE ACTUAL APPLICA- 
TION OF THEM TO PRACTICE. By 
Mr. JoHN DEBRAW, APOTHECARY TO 
ADDENBROOK'S HOSPITAL AT CAM- 
BRIDGE, AND MEMBER OF AN OECO- 
NOMICAL SOCIETY IN THE PRINCIPA- 
LITY or LiEGE, IN WESTPHALIA. 
COMMUNICATED BY THE Rev. NEvIL 

| MASKELYNE, B.D. F,R.S. AND ASr 
TRONOMER ROYAL, 

Reap Nov. 21, 1776. 

gi co republic of bees has at all times 
gained univerfal efteem and admiration: 

their culture, an objet fo worthy of our at- 
tention, has attracted and {till does engage 
that of many of the learned, and has arrived 
at a confiderable degree of improvement of 
late years; but their mode of propagating 
their fpecies, feems to this day to have baffled 
the ingenuity of ages in their attempts to 
difcoverit. The moft fkilful naturalifts have 
been ftrangely mifled in their opinion, that 
the bees, as well as the other tribes of ani- 
mals, are perpetuated by copulation; though 
they acknowledge that they have never been 
able to detect them in the act. | | 

Pliny; who was likewife of the fame opi- 
gion, that in this particular they do not differ 
SES Aa 3 from 
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from other animals, obferves, ‘ Apium 
coitus vifus eft nunquam.” Swammerdam, | 
‘that fagacious obferver, having never been 
able to difcover it, entertained a notion, that 

| the female or queen bee was fecundated with- 
out copulation; that it was fufticient for her 
‘to be near the males; that a vivifying aura, 
exhaling from the body of the males, and 
abforbed by the female, might impregnate 
her eggs. At laft the incomparable Reaumur 
thought he had in a great meafure removed 
the veil, and brought their manner of gene- 
rating nearly to a proof. ‘This part of phyfics 
has been the principal obje@ of my refearches 
for feveral years paft, having been infenfibly 
engaged in it by the pleafure I took in fo 
curious an enquiry; and although this pur- 
fuit has been attended with more difficulties 
and embarrafiments than can be well ima- 
gined, I have not been difcouraged, and have 
carefully avoided launching into conjectures. 
‘To introduce a new fyftem in the doQrine of 
bees, which in a great meafure contradicts all 
former received opinions, requires, previous 
to its appearance, every’fandtion the various 
experiments, fuccefsfuliy repeated, can pofli- 
bly give it.. The refults of thofe experi- 
ments, made in all glafs-hives, which carry 
with them an intire evidence, afford fuffi- 
cient reafons to afiert, that bees belong to 
that clafs of animals among which, although 
they have fexes, 2 true copulation cannot be 
proved; and that their ova, like the {pawn of 
fifhes, moft probably owe their fecundation 
to an impregnation from the males, as will 
appear in the fequel of this narrative. == PROUT ibe cect na 
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+ Tam not a little pleafed to find, that the 
celebrated Maraldi had fuch a notion, and I 
‘Jament his negle&ing to confirm it. He 
fays, in his Odfervations upon Bees, in the 

.Hiftory of the Academy of Sciences for the 
year 1712; p. 332: ‘ Nous n’avons pw dé- 
couvrir jufqu'’ a prefent de quelle maniere fe 
faite cette fécondation, fi c'elt dans le corps 
i della femelle, ou bien fi c’eft 4 la maniere des 
-poiffons, aprés que la femelle, a pofé fes 
ceufs: la matiere blanchatre dont |’ ceuf eft 
environné au fond de l’alvéole peu de temps 

. aprés fa naiffance, femble conforme 4 la der- 
miere opinion, aufli-bien que les remarques 

faites plufieurs fois’ d'un. grand nombre 
‘d’eufs qui font reftés inféconds au fond de 
l’alvéole autour defquels nous n’avons point 
vii cette matiere.”—‘* We never yet were able 
to difcover in what manner this fecundation 

sis performed; whether it is in the body of 
_ «the female, or whether it is after the manner 

of fifhes, after the female or queen-bee has 
depofited her eggs: that liquid whitith fub- 
ftance, with which each egg is furrounded at 
«the bottom of the cell, a little while after its 
‘being laid, feemingly eftablifhing this lat 
‘opinion, as well as the frequent remarks 
made of a great number of eggs remaining 
‘barren in. the cell, round which we could 
not fee the above-mentioned whitith. fub- 
ftance.”’ | | 

This ingenious naturalift, by a nice exa- 
«mination of the ftru&ure of the drones, had, — 
as.well:as Swammerdam, diicovered fome re- 
femblarices to the male organs of generation; 
and from thence conjectured, they were the 
males of the bee-infe&; but he owns, with 

, Aas the 
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the reft, that he never could difcover them 
in the a& of copulation. 

Having ftood the trials of fo many prying 
eyes in every age, the bees, as has been ob- 
ferved by an ingenious author, had gained 
the character of an inviolable ‘chaftity, till 
Reaumur blafted their reputation.’ He makes 
the queen no better than a Meffalina (a); 
though he could fee no more than what 
would. raife a mere Jealoufy or generate ful 
picions. | 

In order to be the better. under ftood in the 
relation of my own experiments on the fecun- 
dation of bees, I here premife the outlines of 
the opinions adopted by the above-mentioned 
naturalifts on that head. They affert, that 
the queen is the only female in the hive, and 
the mother of the next generation; that the 
drones are the males by which fheis fecun- 

* dated; and that the working bees, or bees 
that colle” wax on the flowers; that knead 
it, and form from it the combs and cells 
which they afterwards fill with honey, are 
of neither ifexs) 1h 

But of late Mr. Sah eats a German natu- 
ralift, has given us a very ‘different view of 
the claffes that conftitute the republic of bees, 
in an ingenious publication. in his own lan: 
guage, under the title of The Natural Hifory 
of the Queen of the Bees, which has'been fince 
tranflated into French; an account of which 
has been given in the Monthly Review; from 
which I beg leave to relate the authors doc> 
trine with regard to the working-bees only; 
the quality and functions of the drones Rea 

(a) A Lita dan vi. ver. 128; ; 
| points 
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points which do not appear to be yet fettled 
by Mr. Schirach himfelf, He affirms, that 
all the common bees are females in difguife, 
in which the organs that diftinguifh the fex, 
and particularly the evaria, are obliterated, 
or at leaft, through their exceflive minute- 
nefs, have not yet been obferved: that every 
one of thofe bees, inthe earlier period of its 
exiftence, is capable of becoming a queen- 
bee, if the whole community fhould think 
proper to nurfe it in a particular manner, and 
Taife it to that rank. In fhort, that the 
queen-bee lays only two kinds of eggs, viz. 
thofe that are to produce the drones, and 
thofe from which the working-bees are to 
proceed. . CAEN T ee | | 

The trials made by Mr. Schirach feem to 
evince the truth of his conclufions in the 
moft fatisfactory manner, fingular ‘as they 
appear to be at firft fight; and indeed in my 
own juagment, from the conftant happy re- 
fult of numerous experiments, which I.began 
near two years before Mr. Schirach’s publi- 
cation, and repeated every feafon fince, I am 
enabled to pronounce on their reality. % 

Chance, I own, befriended me in that dif- 
covery, whilft I was moft anxioufly endea- 
vouring to afcertain the ufe of drones. It 
was in the fpring of the year 1770, that I, 
for the firft, diicovered what Maraldi had 
only conjectured, I mean the impregnation 
of the eggs by the males; and that I was 
made acquainted with the difference of fize 
in the drones-or males, obferved by Maraldi 
in his Odfervations upon Bees, inferted in the 
Hiftory of the Royal Academy of Sciences 
for the year 1712, p. 333, inthefe words: 
Ra a SIL | “ Nous 
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** Nous avons trouvé depuis peu une grande 
quantité de bourdons, beaucoup plus petits 
que ceux que nous avions remarqué aupara» 
vant, & qui ne furpafient point la grandeur 
des petites abeilles; de forte qu'il n'auroit 

as été aifé de les diftinguer dans cette ruche 
des abeilles ordinaires, fans le grand nombre 
que nous y en avons trouvé. Il fe pourroit 
bien faire que dans les ruches où l’on n’a pas 
trouvé de gros bourdons, il y en ett de ces 
petits, & qu ils y aient été confondus avec le 
refte des abeilles, lorfque nous ne favions pas 
encore qu'il y en ett de. cette taille,’— 
<< We have of late found a great quantity of 
drones, much fmaller than thofe ‘we had 
formerly obferved, and which do not exceed 
in fize the common bees; fo that it would 
not have been eafy to diftinguifh them in that 
hive from the common bees, had not the 
quantity of them been very confiderable. It 
might certainly have happened, that in thofe 
hives, where we have not been able to difco- 
ver large drones, there were a great number 
of thofe little ones, which may have been in- 
termixed among common bees, when we 
were yet ignorant that any fuch {mall drones 
were exifting.”’ 

Reaumur himfelf, p. 591, of his Natural 
Hiftory of Infe&s, fays, “© We have likewife 
found drones that were no bigger than the 
common bees.” RA the 

They have notwithftanding efcaped the 
obfervation of Mr. Schirach, and of his 
friend Mr, Hattorf, member of an academy 
in Lufatia, who, in amemoir he prefented in 
the year 1769, annihilates entirely the ufe of 
drones ina hive; and advances this fingular 

: “ opinion, 
LI 
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opinion, that the queen-bee of a hive lays 
eggs which produces young ones, without 
having any communication with the drones. 
For what purpofe fhould wife Nature then 
have furnifhed the drones with that large 
quantity of feminal liquor? To what ufe fo 
large an apparatus of fecundating organs, fo 
well defcribed by Reaumur and Maraldi? 
‘But I-beg leaye to remark, that thofe gen- 
tlemen icem to have drawn too hafty con- 
clufions from their experiments, in rejecting 
the drones as bearing no fhare in the propa- 
gation of thofe infects. Their obfervations, 
that hives are peopled at a time of the year 
when there are no drones in being, is no ways 
conclufive; as it is evident, that they had 
feen none. but drones of a large fize, their 
filence on the difference in the fize of them 
juftifying my remark. But to refume the 
narrative of my experiments: I had watched 
my glafs-hives (2) with indefatigable atten- 
tion from. the moment the bees, among 
which I had taken care to leave a large num- 
ber of drones, were ‘put into them, to the 
time of the queen laying her eggs, which 
generally happens the fourth pr fifth day. I 
obferved the firft or fecond day (always before 
the third) from the time the eggs are placed 
in the cells, that a great number of bees, 
faftening. themfelves to one another, hung 
down in the form of a curtain, from the top 
to the bottom of the hive, in a fimilar man- 
ner they had done before at the time the 
queen depofited her eggs; an operation which 

| (a) Glafs-hives were ufed in preference to boxes, for a 
_purpofe too obvious to need explaining. 
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(if we may conjecture at the inftin&s of ine 
fe&s) feems contrived to hide what is tranf- 
acting: be that as it will, it anfwered the 
purpofe of informing me that fomething was 
going forward. ~ In fact, I prefently after per- 
ceived feveral bees, the fize cf which, through 
this thick veil, (if I may fo exprefs myfelf) 
I could not rightly dittinguifh, inferting the 
pofterior part of their bodies each into a cell, 
and finking into it, where they continued 
but a little while. After they-had retired, I 
faw plainly with the naked eye a {mall quan- 
tity of a whitifh liquor left in the angle of 
the bafis of each cell; containing an egg: it 
was lefs liquid than honey, and had no fweet 
tafte at all. Within a day after, I found this 
liquor abforbed into the embryo, which on 
the fourth day is converted into a fmall 
worm, to which the working-bees bring a 
little honey for‘nourifhment, during the firft 
eight or ten days after its birth. After that 
time they ceafe to feed them; for they fhut 
up the cells, where thefe embryos continue 
inclofed for ten days more, during which 
time they undergo various changes too tedious 
here to defcribe. TREVI a 
‘To evince the reality of this obfervation, 
and to prove that the eggs are fecundated by 
the males, and that their prefence is neceflary 
at the time of breeding, I proceeded to the 
next experiments. ‘They confifted in leav- 
ing in a hive the queen with only the com- 
mon bees, without any drones, to fee whether 
the eggs fhe laid would be prolific. I ac- 
cordingly took a fwarm, fhook all the bees 
into a tùb of water, and left them in it til] 
they were quite fenfelefs, which gave me an FI a va 7. Oppora 
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opportunity to diftinguifh the drones with- 
out any danger of being ftung. After I had 
recovered the working-bees and their queen 
from the ftate they were in, by fpreading 
them on brown paper in the fun, I replaced. 
them in a glafs-hive, where they foon began 
to work as ufual: the queen laid eggs, which 
I little fufpected to be impregnated, as I 
thought I had feparated all the drones or 
males, and therefore omitted watching the 
bees; but at the end of twenty days (the 
ufual time of their hatching) I found to my 
furprize fome of the eggs hatched into bees, 
others withered away, and feveral of them 
covered with honey. I immediately inferred . 
that fome of the males, having efcaped my 
notice, had impregnated only part ofthe 
eggs; but, in order to convince myfelf of 
the truth of my fuppofition, I thought it 
neceflary to take away all the brood-comb 
that was in the hive, in order to oblige the: 
bees to provide a frefh quantity, being fully 
determined to watch narrowly their motions. 
after new eggs fhould be depofited- in the 
cells. This was done accordingly, and at 
laft the myftery was unravelled. ‘On the 
fecond day after the eggs were placed in the 
cells, I perceived the fame operation which I 
have related in a former experiment; I mean, 
the bees hung down in the form of a curtain,. 
while others thruft the pofterior part of their 
body into the cells: I then introduced my 
hand into the hive, broke off a piece of the 
comb containing two of thofe infects, and 
kept them for examination. I found in nei- 
ther of them any fling, (a circumftance pe- 

by 



366. A PI RO EINE DEA ; 

by the help a Dolland’s microfcope, difco= 
vered in them the four cylindrical bodies, 
which contain the glutinous liquor of a 
whitifh colour, obferved by Maraldi in the 
large drones. | 

Having till then never obferved any dif- 
ference in the fize of drones, I immediately 
perufed the memoirs on' bees, publifhed by. 
Mefi. Maraldi and Reaumur, and found that 
they had remarked it frequently. I have in= 
ferted, in a preceding page, the fubftance of 
their obfervations on that head, as taken from 
their writings. The reafon of that difference 
mutt, I doubt, be placed amongft other ar- 
cana of nature. I found myfelf, therefore; ~ 
under a neceility, in my next experiments, 

‘to be more particular in deftroying the males, 
: ae thofe which might be fufpected to be 
fuch. | 

I once more immerfed all the fame bees in 
water; and, when they appeared to be in a 
fenfelefs frate, I gently prefied every one of 
them between my fingers, in order to dif- 
tinguifh thofe armed with {tings from thofe' 
which had none, which laft I might fufpe@ 
to be males. Of thefe I found fifty-feven, 
exactly of the fize of common bees, yielding 
a little whitith liquor on being preffed be= 
tween the fingers. I killed every one, and 
replaced the {warm in a glafs-hive, where’ 
they immediately applied again to the work | 
of making cells; and on the fourth or fifth 
day, very early in the morning, I had the 
pleafure to fee the queen-bee depofiting her 
eggs in thofe cells; which fhe did by placing 
the pofterior part of her body in each. of them. 
I continued on the watch moft part of the’ 

A | enfuing 
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enfuing days, but could: difcover nothing of 
what I had feen before. Mii iho 

The eggs, after the fourth day, -inftead of . 
changing in the manner of catterpillars, were | 
found in the fame ftate they were in the firft 
day, except that fome of them were covered 
with honey. But’a very fingular event hap-. 

| pere the next day about noon: all the bees. 
eft their own hive, and were feen attempt- 
ing to get into a neighbouring common hive, . 
on the ftool of which I found their queen 
dead, having, no doubt, been flain in the 
engagement. The manner in which I ac- 
count for this event is as follows: the great 
defire of perpetuating their fpecies, which is 
moft obfervable in thefe infects, and to which 
end the concurrence of the males feems fo 
abfolutely necefiary, made them defert their 
own habitation, where no males were left, in 
order to fix their refidence in a new one, in 
which,: there being a good ftock of males, 
they might the better accomplifh their pur- 
pofe. If this does not yet eftablifh the 
reader's faith of the neceflity of the males — 
bearing a fhare in the fecundation of the ova, 
the next experiment cannot, I prefume, fail 
to convince him. oa 

I took the brood comb which, as I ob- 
ferved before, had not been impregnated; I 
divided it into two parts; one I placed under 
a glafs-bell, N° 1. with honey-comb for the 
bee’s food; I took care to leave a queen, but 
no drones, among the common bees I con+ 

fined init. The other piece of brood comb 
I placed under another glafs-bell, N° 2. with 
a few drones, a queen, and a number of com- 
mon bees, proportioned to the fize of the 
sa glafs ; 
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glafs; the ret I difpofed of as before: T'hé 
refult was, that in the glafs, N° 1. no im- 
pregnation happened: the eggs remained in 
the fame ftate they were in when put into the 
glafs; and, upon giving the bees their li- 
berty on the feventh day, they all flew away, 
as was found to be the cafe in the former éx- 
periment : whereas, in the glafs, N°2. I faw, 
the very day after the bees had been put un- 
der it, the impregnation of the eggs by the 
drones in every cell containing eggs; the 
bees did not leave their hive on receiving 
their liberty; and, in the courfe of twenty 
days, every egg underwent all the above- 
mentioned neceffary changes, and formed a 
pretty numerous young colony, in which I 
was not a little ftartled to find two queens: 

Fully fatisfied concerning the impregna= - 
tion of the eggs by the males, I defifted for 
the prefent from any further experiments on 
that head, being exceedingly anxious to en= 
deavour to account for the prefence of this 
new queen. 7 

I conje€tured, that either two queens, in= 
ftead of one, muft have been left among the . 
bees 1 had placed under that glafs; or elfe, 
that the bees could, by fome particular means 
ef their. own, transform a common {ubject 
into.a queen. / re 
‘ In order to put this to the teft, I repeated 
the experiment with fome variation: I got 
four glafs-hives blown fiat, which I thought 
preferable to the bell-fhaped ones I had ufed 
béfore, as | could with thofe better examine 
what .was going forward. I took.a large 
brood-comb from an old hive, and, after 
having divided it into feveral pieces, I put 

| fome 
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fome of them, containing eggs, worms, and 
nymphs, with food, viz. honey, &c. under 
each of the glaffes; and confined within each 
a fufficient number of common bees, among 
which I left fome drones, but took care that 
there fhonid be no queen. 
The bees finding themfelves without a 

queen, made a ftrange buzzing noife, which 
lafted near two days; at the end of which 
they fettled and betook themfelves to work: 
on the fourth day I perceived in each hive the 
beginning of a royal cell, a certain indication 
that one of the enclofed worms would foon be 
converted into.a queen. ‘The ‘conftruction of 
the royal cell being nearly accomplithed, I 
ventured to leave an opening for the bees to 
cet out, and found that they returned as re- 
gularly as they do in common hives, and 
fhewed no inclination to defert their habita- 
tion. But, to be brief, at the end of twenty 
days I obferved four young queens among 
the new progeny. 

On relating the refult of thefe experiments 
to a member of this univerfity, well conver- 
fant in the natural hiftory of bees, he deemed. 
it neceflary that they fhould be repeated, in 
order the better to eftablifh the truth of a 
fact, feemingly fo improbable, that the eggs, 
deftined by Nature to produce neutral or com- 
mon bees, fhould be transformed into females 
or queens. He ftarted an objection to me, 
which, by the publication of Mr. Schirach 
appearing a little time after, feems to have 
been pointed out to that author alfo by Mr. 
Withelmi, his brother-in-law, namely, that 
the queen-bee of a hive, befides the eggs ~ 
which fhe depofits in the royal cells, might 
Vor: | B b alfo 
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alfo: have Jaid royal or female eggs, either 
in the common cells, or indifcriminately — 
throughout the different parts of the hive. 
He further fuppofed, that in the pieces of . 
brood-comb, which had been fuccefsfully 
employed in the laft experiments for the pro- 
duction of a queen, it had conftantly hap- 

“pened, that one or more of thefe royal eggs, 
or rather the worms. proceeding from them, 
had been contained. | 

But the force of his objection was removed 
foon after, by the fame fuccefs having at- 
tended a number of other experiments which 
I fince made, an account of which would 
take up too much room here; and this Gen- 
tleman, together with Mr. Schirach’s bro- 
ther-in-law, was at laft brought to admit, 

+ that the working-bees are invefted with a 
power of raifing a common fubje& to the 

throne, when the community ftands in need 
of a queen; and that accordingly every worm 
of the hive is capable, under certain circum- 
ftances, of becoming the mother of a genera- 
tion: that it owes its metantorphofis into a 
queen, partly to the extraordinary fize of the 
cell, and its particular pofition in it; but 
principally to a certain nourifhment appro- 
priated to the occafion, and carefully ad- 
miniftered to it by the working-bees while 
it is in the worm-itate, by which, and pof- 
fibly other means as yet unknown, the de- 
velopement and expanfion of the germ of the 
female organs, previoufly exifting in the em- 
bryos, is effected, and thofe differences in its 
form and. fize: are produced; which. after- 
wards. fo remarkably diftinguith the queen 
trom the common working-bces.. And finally 

it 
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it appears evident, from. the ‘experiments 
made by Mr. Schirach and myfelf, that the 
received opinion, that thé'queen lays a parti- 
cular kind of eggs,. appropriated to the! pro- 

uction of other queens, is erroneous. lam 
not a little flattered with the fimilarity of my 
‘difcoveries with thofe of the ingenious Ger- 
man naturalift, in proving the fex of the 
common bees, although we fo widely differ 
in what relates to the ufe of the males, whom, 
as we have feen before, he imagines to be 
quite ufelefs. Iam alfo not a httle pleafed 
to find, that our experiments on the produc- 
tion of a queen from a common embryo agree 
fo well. i 

I {hall now beg leave to point out the ad- 
vantage that may accrue to the public from 
thefe obfervations, which is that of forming 
artificial fwarms or new colonies; or in other 
words, of furnifhing the means to bring on 
a numerous increafe of thofe ufeful infects: 
an object of fome importance to this king- 
dom, as being the only means to prevent the 
annual exportation of confiderable fums in 
the purchafe of wax, a great quantity of which 
is loft every feafon for want of keeping up a 
fufficient ftock of bees to collec it. 

The practice of this new art, Mr. Schirach 
tells us, has already extended itfelf through 
Upper Lufatia, the Palatinate, Bohemia, Ba- 
varia, Silefia, and even in Poland. In fome 
of thofe countries it has excited the attention 
and patronage of government; and even the 
emprefs of Ruffia has thought it of fuch im- 
ortance, that fhe has fent a perfon to Klein 
autzen, to be inftructed in the general prin- 

. B b2 ciples, 



372 fg Pi Poi Ne DR 

ciples, and learn all the minutie of this new 
art. 

The narrow limits of this paper do not per- 
‘mit me here to give an account of Mr. Schi- 
rach’s ingenious obfervations. I beg leave 
to refer the curious reader to the work itfelf, 
«which, with the reviewers, I with was tranf- 
lated into the Englifh language, as it contains 
many particulars highly deferving the notice 
of the fpeculative naturalift, as well as of 
thofe who cultivate bees either for profit or 
amufement. 

PANG. 



bg 

PARATE ORA 

Lidia di aL R 

ERO Mort nik 

ABBE SPALLANZANI, 

Qn Bee 

MARQUIS LUCCHESINI, 

CHAMBERLAIN TO THE Kinc oF PRUSSIA, 

WY WAS fome time ago favoured, by your 
means, with a letter from the king. I 

had before. been agreeably furprized by 
the repeated inftances of efteem and kind- 
nefs, with which that great monarch has 
condefcended to honour me at different 
times: but I now feel much greater fa- 
tisfaction than ever, on account of his 
gracious acceptance of my laft publica- 
tion (2), which I humbly offered him by 
you. In confequence of his command you 
made an extract, which he had the goodnefs 

°° (a) His Diflertations. 

B b 3 to 
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to read, and to confider as not unworthy of 
his royal approbation. ‘Two particulars, you 
inform me, efpecially drew the attention of 
this acute philofopher: the firft, my difco- 
veries refpeCing the generation of feveral 
amphibious animals. By thefe obfervations 
he thinks, that the doctrine of Epigenefes is 
fully confuted, and that of the pre-exiftence 
of germs eftablifhed, an opinion to which he 
is much inclined. The other particular 1s, 
the artificial fecundation of various animals. 
This made the deepeft impreflion on; his’ 
‘mind, as I colle& from your following ‘ex- 
preflions : ‘° But no part of your book ex- 
cited fuch aftonifhment as that which treats 
of artificial fecundation. On reading the 
analyfis of it he thought of a thoufand expe- . 
riments, worthy of the notice of the natura- 
lift, as to extend the difcovery from particu- 
lars to general, and to enlarge, if it be poffi- 
ble, the kingdom of animated nature by new - 
colonies of. various forts of mules.” Thefe 
two views are certainly the moit interefting 
of all which natural philofophy affords; but. 
I now confider them as more interefting than 
ever, fince they have appeared fo agreeable in 
the eyes of this philofophic king. With re-. 
{pect to the firft, I rejoice exceedingly, with 
‘the favourers of the pre-exiftence of. germs, 
among whom are included the moft judicious 
naturalifts of the prefent age, that we are 
joined with fo wife and great a monarch ; 
and I cannot but be proud of his glorious 
approbation, fo gracioufly accorded to my 
difcovery. - | 

With. 

Ee 
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With refpe@ to artificial fecundation, the 
fubje& being, I prefume, worthy of your at- 
tention, permit me to detain you alittle while 
upon it.—And in the firft place, a few words. 
concerning amphibious animals. Finding 
that I had reaped in a field which I may term 
my own, I was tempted to revifit it, by the 
hope of adding fome new ears to what I have 
already gathered. After the publication of 
my work I therefore made frefh experiments, 
which proved fortunate beyond all belief. 
Words cannot exprefs the abundance of the 
produce. I-knew, by experience, that thofe 
topics of natural hiftory, which we fuppofe to 
beexhautted by ourinduftry and patience, when 
refumed, prefent themfelves under new and 
unexpected afpects, whence refult either new 
truths dr ufeful confequences: all the works 
of the fupreme Architect being ftamped with 
the feal of his infinite perfections, cannot be 
exhaufted by human induftry. I will not 
detain you with the particulars of my new 
obfervations on the artificial fecundation of 
my amphibious animals, for the abundance’ 
of matter is ill adapted to the limits of a letter. 
I will rather take the liberty of doing it, 
when I fhall have fufficient leifure to extract 
from my journals the fum of my obferva- 
tions, in order to compofe a fupplement to 
my publication on that fubject. © 4, 

Meanwhile, I pafs on to the artificial fe- 
cundation of quadrupeds, concerning which 
I will obferve to you, that I feel the greateft 
fatisfaction at finding that my fentiments do 
not differ from thofe of. your fovereign. — 
When I.fucceeded in the artificial fecunda- 

b 4 | tion 
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tion of a bitch, meditating with furprize 
upon my difcovery, I conceived that it might 
be an excellent way to procure, if the thing 
be poffible, different forts of ftrange mules, an 
idea in which my illuftrious friend Mr. Bon- 

- net, to whom I ufually firft communicate my 
experiments, concurred. Hence.I refolved 
to provide myfelf, at my convenience, with 
a number of female quadrupeds, as cats, 
bitches, rabbits, and to try to fecundate them 
with the feed of fome ee fpecies, at the 
feafon of their amours. I likewife commu- 
nicated this idea to Dr. Rofii, a celebrated 
Profeffor in the Univerfity of Pifa, that he 
might put it in practice: Dr. Rofli, as you 

- perhaps know, is the naturalift, who laft year 
repeated, with fuccefs, my experiment on the 
artificial fecundation of a bitch. Towards 
the middle of lat November, when I re- 
turned to the univerfity of Pavia, I procured 
two cats, one two years old, which had once 
brought young, the other eleven months old, 
and which had never produced. Both had 
the liberty of my chamber, but they could 
not get out, nor was any male ever permitted 
to enter: there was only in the fame apart- 
ment a little fpaniel three years and a half 
old, the fame which had furnifhed the pro- 
lific liquor that fecundated the bitch. The 
older cat was firft in feafon; this fell out on 
the 3d of December: inceffant loud cries, 
fufficiently expreflive of her wants, afforded 
a clear proof, that fhe now began to feek and 
to invite the male. Being unable to fatisfy 
her defires by means of a male of her own 
fpecies, and being by nature, like all other 

| female 
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female cats, exceedingly falacious, the for the 
prefent forgot her antipathy to the dog- 
kind, and did not hefitate to approach the 
fpaniel, and to invite him, by ftroaking his 
belly, and reiterated carefies; but he, with- 
out either hurting the cat or flying, never 
confented to her wifhes, though he was of a 
very voluptuous difpofition ; he would fmell 
her, and then turn with indifference another 
way. The third day after the appearance of . 
thefe figns, I tried to fecundate my cat arti- 
ficially with twenty-two grains of feed, fur- 
nifhed by the fame dog. ‘The fame means 
and precautions were employed as in the ex- 
perimenton thebitch. But having obferved 
that the females of this fpecies receive the 
male many times, I was not fatified with a 
fingle injection, but repeated it thrice more 
hatte the cat went off her heat, which hap- 
pened on the 11th of December; I kept her 
confined along with the other, as in a former 
experiment. | 
You may conceive my anxious expectation 

of the refult of this unattempted experiment. 
Should any one of my injections prove pro- 
lific, and fhould the young partake, both in 
form and manners, of the female which con- 
ceived them, and the male that furnifhed the 
feed, I fancied, that the moft fingular mules, 
and fuch as had never been before feen, 
would now be produced. With refpe& to 
manners, two moft oppofite natures would 
be kneaded together and be confounded; the 
one, that of an animal fufceptible of educa- 
tion, full of courage, abilities, and fentiment, 
all ardour, all affection, all obedience to his 

matter ; 
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mafter; the other, that of an animal in in- 
ternal qualities, far inferior, by inftin& in- 
tractable, abhorring all fubjection, faithlefs 
to its owner, affectionate only through in- 
tereft, and born with an irreconcileable en- 
mity to the former. Nor would the nature 
of thefe two animals engrafted together, be 
lefs different in a phyfical point of view, 
whether we confider the external configu- 
ration, the proportion of the limbs, or the 
internal organization. But unhappily ‘this 
was an occurrence not eafy to be brought 
about by the experimenter, and in which his 
labour is not crowned with fuccefs. The 

- cat, notwithftanding all my care, was not 
fecundated. I was not, however, difcouraged 
by this failure from repeating my attempt 
with the feed of the fame dog and the fame 
precautions, upon the other cat, which began 
to be in heat on the 18th of January, and in- 
ftead of four, I injected feed feven times; 
that is to fay, once every day as long as the 
feafon of her amours lafted. At each injec- 
tion I did not introduce lefs than eighteen 
grains of feed; but impregnation did not 
take plate; for from the laft injection to 
the date of this letter, thirty-two days 
have elapfed, and there does not appear the 
leaft intumefcence of the cat’s belly. This 
is alfo the cafe with the other, though the 
‘experiment was made fo long before. We 
know, that thefe animals bring forth in 
about 55 days, and bitches in fixty-three at 
fartheft. be 

I would not, notwithftanding, pronounce 
the attempt impracticable, for I think that, 

“to 
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to warrant fuch an affertion, a greater num- 
ber of trials is neceflary. . Thefe two experi- 
ments, however, may juftly render’ us’ mif- 
truftful of any that fhall be hreatte attempt- 
ed; I {hall not be furprized if they fhould 
prove unfuccefsful, confidering the widely 
different nature of thefe animals. But fhould 
this really happen, we ought not to be dif-. 
contented, fince Nature has’ thus replied to 
our interrogatories; and her refponfes, what- 
ever they may be, fhould be held precious by 
us, as they ferve to increafe the ftores of ufe- . 
ful knowledge. Further, the failure of thefe. 
attempts, ought not to prevent us from making 
others upon animals differing in their nature. 
It is true, that every kind of feed will not: 
fecundate every fpecies of animal. This li- | 
quor, on which depends the perpetuity of the 

"fpecies, muft have a certain relation with the 
embryos to be fecundated ; and it is natural 
to fuppofe, that fuch a relation does not be- 
long to all kinds of feed. ‘But it is allo 
true, that we can only learn from the effects, 
that is from experiment, when this relation 
does fubfift. The very experiments which 
at firft feemed contrary to the production of 
fuch and fuch mules, when repeated in a 
better manner, proved favourable to it. Buf- 
fon deftroyed our hopes of precuring mules, 
by keeping rabbits and heres together, feeing 
that in the experiment he adduces, the one 
{pecies never copulated with the other. But. 
this conjunction has been effe@ed by other 
hands (a), and hence 4are-rabbits have been 

(a) In thofe of the Abbé Amoretti. - 

procured. 
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procured. A dog and a fhe-wolf, kept to- 
gether for a long time by the fame author, 
never fhewed any fign of mutual attention, 
But the experiment, when repeated by 
others, had a very different degree of fuccefs. 
The mules that were by thefe means pro- 
duced propagated their kind (a): Buffon 
failed in the fame manner with refpect to 
dogs and foxes: this experiment has not, 
as far as I know, been repeated by others. 
I fhould think, that in more expert hands, 
it would have been attended with a more 
fortunate refult. But in the race of mules, 
there is nothing perhaps fo curious and fur- 
prizing as the famous Jumart. ‘Three va- 
rieties, you know, are enumerated, the off- 
{pring of the bull and mare, the afs and 
cow, and the bull and fhe-afs. Leger 
and Shaw admit the exiftence of all with- 
out hefitation; but Buffon, in his hif- 
tory of animals, reckons them all imaginary. 
Yet in his fupplement, he does not abfolutely 
deny the pofiibility of their exiftence, though 
he doubts it much. But in truth, the 
French Pliny was miftaken. Mr. Bourge- 
lat, formerly infpector-general of the E- 
cole Veterinaire at Lyons, in a letter to the 
illuftrious Bonnet, exprefly fays, that he had 
been in poffeffion of feveral of thefe Jumarts, 
and that one was diffeGed under his in- 
fpection in the fchool at Lyons; and he com- 
municates the refult in his letter to the phi- 
lofopher of Geneva (4). The authority of 
this celebrated and ingenuous perfon, merits, 

(a) Bonnet CEuvres, T. 3. Gry ec. 

the 
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the utmoft deference. Affuming then the 
exiftence of this fingular fort of mule, I 
could wifh that they fhould be multiplied 
much more than they have hitherto been, 
both becaufe they are well adapted to throw 
fuller light upon the great function of gene- 
ration, and becaufe they may poffibly prove 
highly advantageous to mankind, as they are 
faid to have been pofiefled of extraordinary 
ftrength. Natural fecundation, tho’ ftudi- 
oufly attempted, would not very fully accom- 
plifh this object, on account of the indif- 
ference, or rather the averfion of quadrupeds 
of various forts to copulate together, ef- 
pecially when they happen to be placed at a 
great diftance from each other. Thefe il- 
legitimate marriages take place only, when 
the afs or the bull cannot find the means of 
fatisfying their defires upon their own fpe- 
cies, and are moreover uncommonly ar- 
dent. Artificial fecundation, properly per- 
formed, would be moft convenient in this 
cafe. I will add, moft refpectable Marquis, 
that I am well difpofed to put it in prac- 
tice;. but my public and private engage-_ 
ments have hitherto prevented me, as alfo 
the expence, for I' will openly acknowledge 
it, of keeping thefe animals for feveral 
months, to which the narrow income of a 
philofpher is not very adequate. Hence I 
amade application to a rich perfon in Lom- 
bardy, to affift me in thefe experiments ; 
but he was infenfible to the propofal, a cir- 
cumftance which did not furprize me, as 
it certainly will not furprize you, who 

know, 
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know, that the nobility in many cities of 
Italy are not very friendly to fcience and li- 

‘terature. In order to fatisfy my wifhes, I 
fee no better expedient, you will excufe my 
philofophical freedom, than that of apply- 
ing to you. The high honour you enjoy, 
in poffeffing a ftation in the court of one 
of the greateft princes upon earth, fuitable 
to your eminent virtues and valuable en- 
dowments, of a prince, who is at once the 
delight of his happy kingdom, and the great 
protector of letters and learned men: your 
ardour for natural philofophy, and for what- 
ever has a tendency to ennoble and advance 
it; your clofe connection with our famous 
royal academy of fciences and polite litera- 
ture at Berlin, which is fo defirous of en- 
larging the limits of this noble branch of 
knowledge, by the fure guidance of ac- 
curate experiments: thefe favourable. cir- 
cumftances afford me hopes, that you will 
not refufe to fecond my withes. Iam will- 
ing to believe, that you will choofe the mot 
advantageous moment to fpeak to your fo- 
vereign of this curious project; nor do I 
defpair of his encouragement, fince it may, in 
fome fort, be termed athodsht of his own. 
But enough of this. I proceed to another 
fubject. 

[The remaining part of this letter, having 
no connection with any topic treated in the 
foregoing Differtations, 1s omitted. | 
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SPALLANZANI having adverted, in more 
Paffages than one, to the FECUNDATION 
or Fisurs, Mr. Ferris was induced to 

fend the following OBsERVATION to the 

Editor of the Sourmal de Phyfique. 

T the age of about fourteen or fifteen, 
A e happened to be on the bank of a_ 
river abounding in fifhes. The ftream was 
rapid, but the water was fo {hallow and clear, 
that at about the depth of two feet, he ob- 
ferved two falmons ftirring the fand with 
their tails, which were turned to each other. 
They made a hole in the fhape of a funnel, 
over which the female placed the extremity 
of her tail, and difcharged a quantity of red 
liquor: her place was then immediately taken | 
by the male; who, in the fame pofition, e- 
mitted a confiderable jet of white liquor. 
‘They then in concert covered the hole with 
{and and parted. | 

This obfervation is fucceeded by a paper, 
copied from Mr. gar eancls work on fifhes 
and fifheries, on the mode of producing fal- 
mons and trouts, as it is practifed on the 
banks of the Wefer. It is not furprifing that 
an effay, written chiefly with ceconomical 
views, fhould not in every refpect fatisfy the 
curiofity of the philofopher. A box or cafe 
of wood is directed to be made with an aper- 
ture towards the bottom of two oppofite 
fides. ‘The aperture is to be fecured with a 
grate of iron. ‘The bottom is to be covered 
with fand and gravel, and a gentle ftream is 

to 
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to. be brought through the box. In No- 
vember, when the falmon repairs to brooks 
and rivulets, in order to propagate the fpe- 
cies, a female is to bé held by the head over 
a bucket of clean water. If the eggs be 
quite mature, they will drop out of them- 
felves; or if they fhould not, gentle pref- 
fure on the belly will bring them out. The 
male is to be treated in the fame manner, and 
when the furface of the water appears white 
with milt, the operation is finifhed. The eggs 
are now.to be carried to the box. Some- 
times the young are formed in five weeks, 
and may be feen to move in the egg. They 
may be diftinguifhed by their eyes, which 
are black, while the other parts are yet dia- 
‘phanous: in eight days afterwards they break 
through the fkin or membrane of the egg. 
This period, however, varies with the tem- 
perature of the water, and of the atmofphere, 
and is fometimes prolonged to ten weeks. 
While the young fry is growing in the egg, 
a fine pellicle, diftin& from the external 
membrane, may be obferved; to this pellicle 
the little fifth is attached; it forms a fac 
round it. The fac fills almofts the whole 
capacity of the egg, and ferves the fetus for 
a flemach and bowels. "The firft feeds upon 
the matter contained in it four or five weeks 
after it is hatched. During this time the 

-~mouth, which ts at firft fhapelefs, gradually 
elongates; afterwards the fac totally difap- | 
pears, and the animal affumes its perfect — 

“figure. 
‘The fame method is to be obferved with 
refpe& to trouts, but their eggs are not ma- 
ture till December and January. 

| The 
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The author obferves, that fifhes do not 
copulate, and that fecundation is external. 
He procured from a trout fome eggs per- 
fectly mature, and took the utmoft care of 
them, but he put no milt upon them, and 
they all fpoiled without producing a fingle 
young fith. 
Among the trouts produced according to 

the method above-defcribed, there appeared 
many varieties of monfters; the’ author. 
explains thefe phenomena from Lewen- 
hoeck’s hypothefis concerning the fpermatic 
worms. | | 

But the moft curious experiment in this 
paper is the following. ‘The author took 
the mature eggs out of a trout, which had 
been dead four days, and which was now 
very putrid and offenfive. He covered them 
with the milt of a living male, and the pro- 
duce of fry was as abundant, as if the eggs 
had been furnifhed by a living female. 
He next propofes to fecundate the eggs 

of the trout with the milt of the falmon, 
and reciprocally, He pretends, that certain 
waters, and a particular kind of food, will 
convert trouts into falmon-trouts. 3 

He afferts, that the eggs of both thefe 
{pecies infallibly perifh, if any impurity ad- 
heres to them, or if they lie long upon the 
ground: hence he deduces the final caufe of 
their depofiting their offspring upon the 
eravelly seit of rivulets, in places where 
the ftream is continually freeing them fram» 
impurities, 

Vor le Ce AN 
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CXXVI. New fpecies of toad. Artificial fecundation 
fucceeds in this, as well as the former — 122 

CXXVII. The fame law is obferved by Nature in the 
generation of this fpecies, as in the other amphibia be- 
fore defcribed — 125 

Cr Hu dct Prauih 

ARTIFICIAL FECUNDATION OF ‘FHE WATER-NEWT, 

AND FETID TERRESTRIAL TOAD, 

CXXVIHI. Artificial fecundation unfuecefsfully attempted 
in the water-newt, with pure feed comps 126 

CXXIX. Obtained in fome meafure by feed mixed with 
water. Juice of the tefticles equally efficacious, if 
mixed with water 128 

CXXX. In the fetid toad we may obtain the various forts 
of fecundation mentioned in paragraph CXIX, CXX, 
CXXI, CXXII, CX XIII. Seed of this toad fit for 
fecundation, after it has continued in the veficles of the 
animal feveral hours after death 129 

CXXXI. As alfo after ftanding in a vefiel. The time 
at which it lofes it, depends on the temperature of the 
air. Phyfical caufe of the inertnefs of the feed. 131 

CXXXII. Juice of the tefticles keeps its virtue longer 
than feed — —- ' 33 

CXXXUI. The tefticies, when fhrunk, are not dcftitute 
of this virtue; but they are, when dried, as alfo when. 
expofed to a ftrong heat. Teftigles of toads kept by 
themfelves, and of thofe which are too young, are un- 

— fit for fecundation —— _- 134 
CXXXIV. 
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CXXXIV. Seed and juice of the tefticles does riot fofe 
its prolific power when incorporated with other li- 
‘quors ——_ ——- 135 

CXXXV. Tadpoles preferve the power of being Peete 
dated and evolved, after continuing for a certain time 
in the dead uterus 137 

CXXXVI. A few minutes immerfion in water, render 
tadpoles incapable of being fecundated. Phyfical caufe 
of this 139 

CXXXVII. The male bedews with feed only thofe tad- 
poles which have juft fallen into the water. Fecunda- 
tion in frogs and toads very different from that of 
fifhes, according to the common opinion — 14I 

CIE tia. Bion ILL. 

ARTIFICIAL FECUNDATION OF THE TREE-FROG, AND 

THE GREEN AQUATIC FROG. 

CXXXVIII. ‘The fmall number of tree- frogs in the au- 
thor’s pofleffion, confined him to a few experiments. De- 
feription of the genitals of the male of the green aqua- 
tic frog 142 

‘CXXXIX. Very little difference in the refults relating 
to the green frog, from thofe defcribed in the two pre- 
ceding chapters 144 

CXL. Fecundation is effected by touching any point of 
the mucous fpherules furrounding the tadpoles. A epy 

' {mall particle of feed fufficient 
CXLI. And that though it fhould have to pafs thr =o 

a thick ftratum of gluten 146 
CXLII. Three grains of feed, mixed with a pound of 

| water, retain their virtue 148 
CXLIM. And even with a pound and half, more water 

As prejudicial ; but in twenty-two pounds it preferves 
fome portion of its virtue 149 

CXLIV. Other facts proving yet more dire@tly, that an 
inexpreffibly fmal] quantity of feed is fufficient for fe- 
cundation — 159 

CXLW. _ Three crains of feed, mixed with a confiderable 
‘of water, does not become effete, after hav- 

ing 

oe 
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ing fecundated a prodigious multitude of tadpoles. Fes 
cundation takes place alike, whether they be kept im- 
merfed for a long time, or a few moments; only this 
mixture continues prolific for a number of hours, efpe- 
cially in cold weather ISI 

CXLVI. Juice of the tefticles of equal, efficacy in all 
refpects 152 

CXLVII. The two pal of toad dileribed in the two 
preceding chapters, afford the fame refult in experi- 
-ments of this kind, as the green aquatic frog. Ufeful 
precautions vee 153, 

CXLVIII. Tadpoles and newts artificially fecundated; 
differ in no refpect from thofe fecundated by nature 155 

GAY Pi 
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CXLIX. Artificial fecundation with feed without wormsy 
is a new and decifive proof that they are not the au- 
thors of generation — 15€ 

CL. Subterfuges in defence of this theory, icdmipagble 
with the experiments related —_ 159 

CLI. ‘Thefe obfervations alfo demonftrate the falfehood 
of Epigenefis 160 

CLIT. The feed muft penetrate irito the body of the tad 
poles. Pores for its admifion. Why the tadpoles are 
animated, whatever part be touched — 161 

GLII, “The animation of the tadpole is according to all 
appeatance occafioned by the irritation of the heart, 
from the impulfe of the feed 163 

CLIV. Properties of the feed of Fe and toads, which 
do not prevent its ftimulating the heart = - 165 

CLV. Quantity of feed fufficient to fecundate a tadpole, 
_exprefled in numbers _ - 166 
CLVI. Muftration by examples — 168 
CLVII. The quantity, when leffened, is arpimon of ef- 

fecting fecundation. Reafon to believe that the quan- 
tity w hich produces fecundation, is always exceedingly 
{mall : ome ae eee 169 

CLVIIL 
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CLVIII. Whether this holds in other animals, We have 
not data fufficient to folve the queftion with certainty, 
how to procure them 171 

CLIX. The feed of frogs and toads is probably not a nu- 
tritious liquor, it is a true ftimulus —— 175 

TLX. Whether the feed of other animals alfo retains its 
qualities for fome time sn 176 

Goa Da 

WHETHER FECUNDATION IS AN EFFECT OF. THE 

AURA SEMINALIS, WHETHER OTHER LIQUORS ARE 

CAPABLE OF PRODUCING FECUNDATION. TRIALS 

TO PROCURE ARTIFICIAL MALES IN TAE AMPHI- 

BIOUS ANIMALS IN QUESTION. ARTIFICIAL FE- 

CUNDATION OF THE SILK-WORM, ATTEMPT TO 

IMPREGNATE A BITCH ARTIFICIALLY, 

+ LXI. It is yet doubtful whether fecundation is produced 
by the aura fpermatica, or the grofs part of the feed. 177 

CLXII. Tadpoles immerfed in the aura {fpermatica alone, 
and yet not animated — 179 

CLXIII; CLXIV, CLXV, Clear confirmation of this, 
- and conclufion’ that the grofs and vifible part only of 

the feed is capable of fecundating tadpoles 180, 181 
CLXVI. This is alfo true of the juice of the tefticles. 

In other animals, and in man, the aura feminalis is pro- 
bably inefficacious 183 

CLXVII. The part of ‘the feed thas occafions fecunda= 
tion, is nota fpirituous or very vo atile liquor, as many 
have fuppofed =  —— 184 

CLXVII. Electrical fluid accelerates the growth of fe- 
cundated tadpoles, but is incapable of animating unim- 
regnated ones 185 

CLXÎX, CLXX. Nor any other liquors different from 
ded —— ———& 187—18 
CLXXI. Seed of the water-newt incapable of fecundat- 

ing the embryos of frogs and toads, and reciprocally. 
Nor can the feed of frogs fecundate the young of toads, 
and reciprocally. Toads never copulate with frogs ib. 

CLXXII. Eggs of the moths produced by the nae 
artificially fecundated ———— 93 

CLXXIIb 
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CLXXIII, Artificial fecundation of a bitch ~~ 
CLXXIV. Small quantity of feed fufficient for the pur- 

pofe. Highly probable that the quantity of feed cpu 
occafions fecundation in other animals, is exceedingly 

A 197 minute goer aaa ca. 

DISSERTATLON UL 

OFM Pera 

GENERATION OF THE PLANTS DENOMINATED BY 

LINN/EUS, SPARTIUM JUNCEUM, VICIA FABA, PI- 

SUM SATIVUM, DOLICHOS UNGUICULATUS. 

I, Fhe ovarium of plants, chofen by the author as the 
principal gbje& of his refearches, and propofed to be 
examined at three periods 249 

Il. Seeds of the fpartium junceum exift long before fe- 
cundation, though the plantule and Jobes do not ap- 
pear 250 

IH. Neither do they appear in feeds about to be fecun- 
dated, or at the time they are fecundated . — 252 

IV. A cavity begins to form in the feeds, fome time af- 
ter the falling of the flowers, ‘and in this appears a lit- 
tle body, at ftt fhapelefs, but afterwards known to be 
the plantule and lobes. Attachment of this body to 
the feeds. Further evolution of them, the plantule atid 
lobes —— _ ——- 253 

V. Confequences from thefe experiments, which fhew 
that the. integuments. of the feeds appear before fecun- 
dation, but the plantule lobes not till'afterwards 254, 

VI. The feeds alfo of bears exift in the ovarium before 
fecundation... Cavity is formed afterwards. . Appear- 
ance and evolution of the plantule and lobes, mucila- 
ginous filament which connects the feeds and plantule 

esta | tr 255 
VIT.. The fame phenomena obferved in peafe and kidney > 

beans ca i. 258 

COM ALE: 
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GENERATION OF THE RAPHANUS SATIVUS, CICER 
‘ ARIETINUM, IXIA CHINENSIS, DELPHINIUM CON- 

| SOLIDA, CUCURBITA PEPO, CUCUMIS SATIVUS. 
EXAMINATIONOF THE POWDER OF THE STAMINA. 

VIII, IX. Radifh and chick peafe agree with the fore- 
going plants. More points of connection between the 
feeds and plantule —— ; 258 

X, Exiftence of the feeds of the Ixia Chinen/is before te- 
cundation. A cavity begins to form in the feeds about 
the time of fecundation, full of a liquor which is gra- 
dually infpiffated, and at length becomes hard, without 
fhewing any appearance of plantule and lobes, The 
enquiry left unfinifhed, for want of ripe feeds 259 

XI. Appearances nearly refembling thofe of the Zxie 
Chinenfis, in the Delphinium confolida, with this pheno- 
mena befides, that the plantule and lobes are difcerned 
in the condenfed liquor of the feeds. Strong fufpicion 
that this is the cafe in the /xa, as is afterwards veri- 
fied in ripe feeds —_—— 260 

XII. Seeds of the common pumpion appear in the fruit 
. long before the female blofloms are expanded. Ana- 

lyfis of thefe feeds, whence it might be fuppofed that 
the plantule and lobes appear before fecundation. Ana- 
lyfis of feeds further advanced; whence it appears, that 

. the lobes and plantule are not vifible in a month after 
the withering of the flowers.  Mucilaginous, and ap- 
parently organized body, inferted by one end into the 
plantule, and by other into the plantule — 265 

XI. The fame phenomena in the feeds.of the cucum- 
ber. All the other plants, which the author had an 
$pportunity of examining, alfo fhew that the feeds ap- 
pear before fecundation, and the lobes and plantule af- 
terwards. ‘Thefe refults correfpond with Duhamel’s 
obfervation. Reafons for fuppofing this to be a law of 
Nature ae —— 264. 

XIV. The non-appearance of the plantule in feeds be- 
fore fecundation, feems a plaufible argument, that the 
plantule paffes from the pollen to the feed. Motives 
fer diftrufting this argument — nee Rc 5 
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Upon examining the component parts of the fe, 
ei duft, tera feems no reafon to think, that 

the enti yos are concealed within, Means imagined 
by the author ta remove all doubt up 267 

C HOA. Ps an, 

GENERATION OF SOME HERMAPHRODITE AND MO- 
NOICOUS PLANTS, ON WHICH THE POLLEN NEVER 
ACTED. | 

4 ‘ 

XVI. Lopping off the anthere, when the blofioms of 
fweet bafil are about to open, and preventing the acy 
cefs of the pollen of other individuals, do not hinder 
an individual from producing the fame kind of feeds 
as are produced by others; not here tak of their an- 
there = 270 

XVII. Reafons for fufpeGing, that the palin acts as a 
fecundating principle fome time before the opening of 
the flowers. Verification of this fufpicion —. ib. 

XIX. The tetal want of pellen produces the fame effects 
upon the feeds of the Midifeus Syriacus. Jt is not, 
therefore, the poilen which conveys the embryos into 
the feeds of thefe two plants wee 272, 

XX, XXI, Seeds of the pumpion, with fhield-form 
fruit; independently of the action of the pollen, pro- 
duce a plantule and lobes; and, when oes other fer- 
tile feeds 275277 

XXII. As alfo happens i in the feeds of: the citron- pump- 
kin, though the accefs of the external air was prevented 

ai Ethie 

Ce BÈ CA pi, x 
GENERATION OF CERTAIN PLANTS PRODUCING MALE 

AND FEMALE INDIVIDUALS, ON WHICH THE FE- 
CUNDATING DUST WAS PREVENTED FROM EXERT- 
ING ITS INFLUENCE, 

lese atene 

XXIII. , Sulbagione that the fissa of male. hemp: e 
is not neceflary to the fecundation of female individuals 

N XXIV. 

ee 

po ee, Se el 



ER SPIE, 

XXIV. Other fufpicions ftill ftronger — 283 
XXV. Experiments of a French anonymous writer 284 
XXVI, XXVII, XXVIII. Experiments on confined fe- 
“ale plants of hemp | 286—293 

XXIX. Perfeé fructification of hemp, entirely indepen- 
ent of the action of the pollen — 294. 

XXX. Infulated female fpinaches DINO, fertile feeds 
nt 290 

XXXI, XXXII. Experiments to the fame tndéney hes 
298 

XXXIII. Experiments of different tendency w with mite 
plants of mercury 299 

XXXIV. Approximation of the male thdlviduats tends 
to fecundate the feeds — 301 

XXXV. A nearer approximation produces more fertile 
feeds — 302 

XXXVI, Experiment inverted — — ib. 

EL eA Bee Vip 

RECAPITULATION. REFLECTIONS, 

XXXVII. The confequences of thefe facts are, firft, that 
the embryo does not at all depend for its exiftence up- 
on the powder of the ftamina; therefore, fecondly, ‘ 
the embryo exiits in the ovarium independently of this 
powder ; thirdly, nor is it the refult of two principles, 
one depending on the pollen, and the other upon the 
piftil, as others fuppofe = — — 304 

XXXVIII. Whether the embryo is formed mechanically ~ 
in the ovarium, or pre-exifts there. Reply to fome 
feeming proofs of fuch a formation; dire& proofs, 
that though the embryo does not appear, it really 
exifts ; and when its saath tag cannot be feen, it is 
really organized 306 

XXXIX. As the embryo is in festa cafes  vifibly attached 
to the feeds, there is reafon to fuppofe, that it always 
is, though the connecting media are either too {mall, 

‘or too tranfparent to be vifible. As the embryo and 
lobes thus form one whole with the feeds, and as the 

Vou. Dd feeds 
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feeds exift before fecundation, it is highly probable that - 
the embryo pre-exifts likewife —- 310 

XL. The fame confequence deduced by Mr. Bonnet. 
PIRA a fimilar obfervatior. We cannot, notwith- 
ftanding, hope to difcern the embryo before the open- 
ing of the blofioms — — 312 

XLI This pre- exiftence, which has been fnewn.in fome 
plants, probably takes place in all — 314, 

XLII. The phenomena of bafil, and efpecially thofè of - 
mercury, prove the neceffity of pollen to the fecunda- 
tion of thefe plants. A phenomenon of the fame kind _ 
obferved formerly on a female turpentine-tree 315 

XLIIL A palm artificially fecundated by Mr, Glediftich. 
~The author’s wifh, that experiments of the fame fort 

were made on mercury: and that that part of the pol- 
len, which occafions fecundation, fhould be determined 

XLIV. And that Mr. Adanfon’s opinion, that the on 
minute particle of duft is fufficient for fecundation, 
fhould be brought.to the teft of experiment 319 

XLV. And that it fliould be tried upon mercury whether, 
as in Mr. Gleditich’s experiment, dry poilen will an— 
{wer the’ purpofe, and how long it retains its virtue. 
Reafons for fuppofing that this virtue does not laf. 
long, efpecially where the pollen is expofed to the in- 
juries of the atmofphere ao — 320 

XLVI. And to inquire, how the pollen pafles i into the 
ovarium; and, at the fame time, to try the validity of 
an hypothefis of Mr. Adanfon, and likewife to deter- 
mine, whether the piftils of mercury, and fome other 
plants, are imperforated, as he pretends — (322... 

XLVIi. ‘The non-appearance of duéts in certain © 
‘ plants, is not a clear proof of their non-exiftence. 
How they may be feen at fome feafons, and not at 
others. inftances in the oviducts of certain animals. 
At what feafon they fhould be fought for 324 

XLVII. To attempt artificial fecundation on the leaves. 
and roots, &c. of Mercury 327 

XLIX., if mercury and bafil require pollen for their fe- 
cundation, the two fpecies of pumpion, hemp, and fpi- 
nach, ate contrary inftances. ‘Fhe fmallnefs and 
paucity of fertile ieeds of hemp, procured in a clofe 

apartment, 
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apartment, do riot depend on thé abfence 6f pollen. 
General confequence, that if many plants require the 

_ action of pollen for fecundation, others do not ‘327 
L; LI, LU, LIII. Reply to obje€tions that may be ftarted. 

‘ DefeQtive mode of reafoning, hitherto employed to 
| “maintain the diftinétion of fexes — 330—-335 
LIV. This defe& common among fyftematic writers. 

—Differènt ways in which an adherent of fyftem, and 
an obferver, examine Nature 26 

LV. Some plants requiring. pollen, and others not;-is 
perfe&ly conformable to what we every day obferve in 
animals — è — — | 337 

LVI. Highly improbable, that the fertile feeds obtained 
by the author, fhould be the product of antecedent fe- 

~cundation. Confiderations in proof of this 8 
LVII. Though it is proved, that the pollen does not ef- 

fe& the fecundation of the above-mentioned plants, 
the author does not altogether deny the poffibility of 
fome fort of fecundation; perhaps the piftil has a 
fecundating principle. Reafons for this conjeCture. 

 Exhortation to botanifts. 3 34.0 
LVIII. Herbaceous plants are a clafs of organized beings, 

which deferve to be better known to Naturalifts, for 
little more is known of them, than the bare nomen-= 

 clature. How much a fpirit of obfervation and expe- 
timent is to be preferred to the knack of nomenicla- 

ture, if we wifh to increafe the ftores of ufeful know- 
ledge —_— 342 
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OF THE 

LATIN, FRENCH, and ITALIAN 
PassaGEs in this VOLUME. 

Page g. Neither fecundation or impregnation of the 
egg, takes place in any living body in Nature without the 
body of the female. ny 

Page 46. All things were created good. 
Page go. The male frog, firmly feated on the female, 

waits for difcharge of the eggs; he then emits his em- 
bryos, fuch as I obferved them; they attach themielves 
to the eggs, and feed upon them for a few days, till they . 
are capable of taking coarfer food. ‘I'hefe embryos re- 
tain the figure which they had in the veficle of the male 
for about a month; ‘they then change their fhape like filk- 
worms. ‘Their hind feet are next developed and fepa- 
rated; the hind feet were at firft united, and formed the 
tail of the tadpole. ret} 

Page 02. I. 15. He advances as ferious truths, tales 
equally ridiculous with thofe told by old women, as they 
{pin by the fire-fide. 

Ib. 1. 25. 1 will therefore venture to affert, not only 
that Gautier had made little proficiency in the anatomy 
of the frog, but that he was fcarce acquainted with the 
external form of this animal. 

Ib. 1. 34. Were it poffible that Gautier fhould relate 
his difcoveries to Pythagoras, I firmly believe, that he 
would enjoin him filence, not for two or for five years, but 
for ever. 

Page 98. As often as the female difcharges any eggs, 
the male bedews them with feed, as I have repeatedly ob- 
ferved at my houfe, with fome admiration. 

Page 104. I refign this Dr. Pirri to you. He. is in 
good hands, and you will be fufficiently able to defend 
the good caufe of Nature. It is always a mark of te- 
merity to attack experiments by reafoning. 

Page 
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Page 105. Laftly, we have a demonftration, which 
directly proves the exiftence of the young in the female, 
at leaft in birds. For the inteftine of the young bird is a 
continuation of the membrane of the yolk, and the in- 
ternal coat. of the inteftine is a continuation of the epi- 
dermis, the external of the fkin: in fhort, it is the fame 
as the membrane of the yolk. 

Page 199. Nature, when I have been contemplating 
her, has often perfuaded me to fuppofe nothing incredible 
which relates to her. | 

Page 331. Should the hemp, producing male flowers, 
be pulled before the feminiferous, individuals have opened 
their piftiliferous flowers, there will either ibe.no crop of . 
feeds, or only a very fmall one. 

Page 337. We diftinguifh the obferver from the ad- 
herent of fyftem. ‘The latter builds whole fyftems upon 
a certain number of fpecies: he concludes from parti- 
culars to generals, that is, he affigns to all plants the 
fame properties as are poflefled by thofe upon which 
experiments have been made. The obferver rejeéts all 
theories, and relies on obfervation and experiment alone. 
The perfection of botany effentially depends on the know- 
ledge of individuals related to each other, and their cha- 
ra¢teriftics. “Chis knowledge will be acquired in propor- 
tion as the numbers of obfervers, which is very incon- 
fiderable, fhall increafe, and the croud of fyftem-makers 
hall be leffened. Syftems of botany become obfolete in 
time, becaufe they are not chiefly founded on Nature and 
experiment. | 

Page 344. He was of opinion, that Natural Hiftory 
does not confift in a catalogue of animals, plants, and 
foffils, but in the knowledge of their qualities. He 
therefore taught their {tructure, analyfis, properties and 
ufe, without neglecting, however, fuch marks as may 
enable us to arrange them in an index. ‘Thofe who com- 
mit to memory nothing but fuch indexes, or are dexterous 
in turning them over, in vain perfuade themfelves, that 
they are in pofleffion of the book of Nature. 
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P. 6. for ix, read in—P. 7. for fetuffes, read fetufes P. 8. for freg*s feed, 
read frog’s fpawn—P. 14. 1. 6. and elfewhere, for amnios read amnion—P. 
17. 1. 3. for rhefe read tbe-=P. 19 1. 20. foris read be—P. 80.1. I. for they 
are not, read that they aremP. 97. 1. laft, for on read in—P. 108. 1. 33. 
after not infert fo—P. ‘160. for bad no concern, it feems better to read were 
not prefent—P. 184. for converted, read condenfed—P. 319.1. 25. for was, 
read qweree=P. 322. for one read a—=P. 337. for immortality, read perpetuity 

N. B. In a Paffage, which the Tranflator cannot now find, for impreg- 
nated, read unimpregnated. ‘The Context will eafily enable the Reader to 
make this Corre&ion in the proper Place. 

There are alfo a few Improprieties in the Pun¢tuation, which the Reader 
is alfo defired to correct, 
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